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@ DU and tripeptlde ranin inhibitors. 

@ Di- and tripeptlde enzyme Inhibitors of the formula : 



A-B-D-N. 




and analogs thereof, which Inhibit renin and are useful for treating various forms of renln>associated 
hypertension, hyperaldosteronism and congestive heart failure; compositions containing these renin- 
inhibitory peptides, optionally with other antihypertensive agents; and methods of treating hyperten- 
sion, hyperaldosteronism or congestive heart failure or of establishing renin as a causative factor in 
these problems which employ these novel peptides. 

In addition, these renin Inhibitors are useful in the inhibition of HIV protease, the prevention or 
treatment of infection by HIV and the treatment of AIDS, either as compounds, pharmaceuticaliy 
acceptable salts, phannaceutical composition ingredients, whether or not In combination with other 
antivlrals, Immunomodulators, antibiotics or vaccines. 



CL 



Jouve, 18, rue Saint-Denis. 75001 PAfUS 



EP 0 438 311 A2 



Dl- AND TRIPEPTIDE RENIN INHIBITORS 



The present invention Is concerned with novel dl* and tripeptides, which inhibit the angiotenslnogen-cleav- 
ing action of the proteolytic enzyme, renint with phannaceutical compositions containing the novel peptides of 
the present invention as active ingredients* with methods of treating renln-assoctated hypertension, hyper- 
5 aldosteronism, and congestive heart failure, with diagnostic methods which utilize the novel peptides of the pre- 
sent invention, and with methods of preparing the novel peptides of the present invention. 

The present Invention is further concerned with compounds whteh Inhibit the protease encoded by human 
immunodeficiency virus (HIV) or pharmaceutlcally acceptable salts thereof and are of value In the prevention 
of Infection by HIV, the treatment of infection by HIV, and the treatment of the resulting acquired immune de- 
10 ficiency syndrome (AIDS). 

It also relates to phanmaceutical compositions containing the compounds and to a method of use of the 
present compounds and other agents for the treatment of AIDS. 

BACKGROUND OF THE INVENTION 

15 

Renin is an aspartlc proteinase (molecular eight about 40,000) produced and secreted by the Juxtaglomeru- 
lar cells of the kidney. Renin has a high specificity for and cleaves the naturally- occurring plasma glycoprotein, 
angiotensinogen, at only the 10, 11 peptide bond, Le., between the 10th (Leu) and 11th (Leu) amino acid resi- 
dues in the equine substrate, as described by Skeggs et §[, J. Exper. Med. 1957 . 106, 439, or between Leu 10 
20 and Val 11 In the human renin substrate, as elucidated by Tewksbury et al., Circulation 59, 60, Supp. II : 132, 
Oct 1979. 

This cleavage of its protein substrate, angiotensinogen, by the endopeptidase, renin, splits ofFthe decapep- 
tide, angiotensin I, which itself is thought to be hemodynamlcaity-lnactive, but which Is converted in the lungs, 
kidneys or other tissue by the peptidase, angiotensin-converting enzyme (ACE), to the potent vasopressor 
25 octapeptide, angiotensin II. Thus released, the hormone, angiotensin II, then causes constriction of the 
arterioles and is also believed to stimulate release of the sodium-retaining hormone, aldosterone, from the 
adrenal cortex, thereby causing a rise in extracellular fluid volume. Accordingly, the renin-angiotensin system 
plays an important role in nonmal cardiovascular homeostasis and in some forms of elevated blood pressure 
(hypertension). 

30 Inhibitors of angiotensin I converting enzyme have proven useful in the modulation of the renin-angiotensin 

system. Consequently, specific inhibitors of the catalytic and rate-limiting enzymatic step that ultimately regu- 
lates angiotensin II production, the action of renin on Its substrate, have also been sought as effective inves- 
tigative tools, as well as therapeutic agents In the treatment of hypertension and congestive heart failure. 
Renin antibody, pepstatin, phospholipids, and substrate analogs, including tetrapeptldes and octa-to 
35 taldecapeptides, with inhibition constants (K|) in the 10-^ to lO-^M region, have been studied. 

Umezawa et a[., in J. Antlbiot (Tokvo) 23 : 259-262, 1970, reported the isolation of a peptide, pepstatin, 
from actlnomyces that was an inhibitor of as partyl proteases such as pepsin, cathepsin D, and renin. Gross et 
§[., Science 175 :656, 1972, reported that pepstatin reduces blood pressure in vivo after the Injection of hog 
renin into nephrectomized rats. However, pepstatin has not found very wide application as an experimental 
40 agent because of its limited solubility and its inhibition of a variety of other acid proteases in addition to renin. 

Many efforts have t>een made to prepare a specific renin inhibitor based on pig renin substrate analogy, 
since such analogy has been shown to correlate well with and predict human renin inhibitor activity. The 
octapeptide amino acid sequence extending from histldine-G through tyrosine-13 

^ 6 7 8 9 10 11 12 13 

<-His-Pro-Phe-Hi8-Leu-Leu-Val-Tyr-> 

has been shown to have kinetic parameters essentially the same as those of the full tetradecapeptlde renin 
so substrate. 

Kokubu et al., Blochem, PhanmacoL . 22, 3217-3223, 1973, synthesized a number of analogs of the tet- 
rapeptlde found t>etween residues 10 to 13, but while inhibition could be shown, inhibitory constants were only 
of the order of lO^M. Analogs of a larger segment of renin substrate have been also synthesized, e.g.. Burton 
et al., Biochemistry 14 : 3892-3898, 1975, and Poulsen et al., Biochemistry 12 : 3877-3882, 1973, but a lack 
65 of solubility and weak binding (large inhibitory constant) generally resulted. 

Modifications to increase solubility soon established that the inhibitory properties of the peptides are mar- 
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kedly dependent on the hydrophobicity of various amino acid residues. These modifications also established 
that increasing solubiiity by replacing lipophilic amino acids with hydrophilic isosteric residues can become 
oountsr-productive. Other approaches to increasing solubility have also had limited success. 

Modifications designed to increase binding to renin have also been made, but here too, with nrdxed results. 

5 A series of inhibitors of renin have been disclosed which contain the unnatural amino acid, statlne or Its 

analogs : see, e.g., Veber et al^ U.S. Patents 4,384,994 and 4,478,826 ; Evans etal» U.S. Patent 4,397,786 ; 
Soger et at Nature. 1983, 303. 81 -84 and U.S. Patents 4,470,971 ; 4,485,099 ; 4,663,31 0 and 4,668,770 ; Mat- 
sueda et aL, EP-A 128 762, 152 255 ; Morlsawa et al., EP-A 186 977 ; RIniker et al, EP-A 111 266 ; Bbidra et 
al, EP-A 155 809 ; Stein eta[, Fed. Proc , 1986. 45, 869 ; and H5lzemann et al, German OfTenlegungsschrift 

10 DE 3438545. Attempting to explain the effect of statine, Powers et al., in Acid Proteases. Structure. Function 
and Biology, Plenum Press, 1977, 141-157, observed that in pepstatin, statine occupies the space of the two 
amino acids on either side of the cleavage site of a pepsin substrate and Tang et al., in Trends in Biochem. 
Sci., 1 :205-208 (1 976) and J. Biol. Chem.. 251 :7088-94, 1 976, suggested that the statine residue of pepstatin 
resembles the transitton state for pepsin hydrolysis of peptide bonds. 

IS Renin inhibitors containing othr peptide bond Isosteres. including a reduced carbonyl Isostere, have been 
disclosed by M. SzeIke et al^ in work described in published European Patent Applications 45 665 and 1 04 041 ; 
In U.S. Patent 4,424.207. and in PCT Int. Appf. WO 84/03044 ; In Nature . 299 . 555 (1982) : Hypertension. 4. 
Supp. 2, 59, 1981 ; and British Patent 1,587,809. In Peptides. Structure and Function : Proceedings of the 
Eighth American Peptide Symposium, ed. V. J. Hruby and D. H. Rich, p. 579, Pierce Chemical Co., Rockford, 

20 IL., 1983. SzeIke et at also showed isosteric substitutions at the Leu-Leu site of cleavage, resulting In conv 
pounds with excellent potency. These and other peptide t>ond Isosteres have also been disclosed in Buhlmayer 
et a[ in EP-A 144 290 and 184 550; Hester etal, EP-A 173481 ; Raddatz, EP-A 161 588 ; Dann etal. Btochem. 
Biophvs. Res. Commun. 1986. 134, 71-77 ; Fuhrer et al, EP-A 143 746 ; Kamijo et al, EP-A 181 110 ; Thais- 
rivongs et aj^ J. Med. Chem., 1985. 28, 1553-1555 ; Ryono et al., EP-A 181 071 ; and Evans etal. U.S. Patent 

26 4,609,641. 

Other modifications which have been tried Include preparing renin Inhibitora with non-peptide C-terminI, 
such as disclosed in European Published Applications 1 72 346 and 172 347 ; Evans etal, J. Med. Chem.. 1985, 
28, 1755-1756 ; and Socket al. Peptides. Structure and Function : Proceedings of the Ninth American Peptide 
Symposium, ed. C. M. Deber etal. pp.751-754. Pierce Chemical Co.. Rockford, IL, 1985. Kokubu etal, In Hvper* 

30 tension. 1985. 7, Suppl. I, p. 8-10 and Matsueda et a[, In Chemistry Lettere . 1985. 1041-1044 and In European 
Published Applications 128 762 and 152 255 disclosed peptide aldehyde renin inhibitore, and Hanson etal In 
Biochem. Biophvs. Res. Commun. 1985. 132, 155-161, reported peptide glycol inhibitore. 

These various renin inhibitora all generally comprise peptlde-based Inhibitora In which a sequence of the 
type : ...A-B-D-E-F-6-J-K-L... , where G is a peptide bond mimic and AB,D,E,F,J,K. and L may individually be 

95 absent or may represent naturally- occuring or modified amino acids. Typical sequences of this type include : 

7 8 9 10 11 12 
. . .BOC-Pro-Phe-His-Sta-Leu-Phe. . . or, 

40 

8 9 10 11 
• • .BOC-Phe-Hie-Sta-Leu. . . . where the N-terminuB 

45 typically comprises an amino acid protecting group such as BOC or CBZ, and the N-terminai amino acids are 
Pro-Phe-Hls or Phe-Hls. 

Lower molecular weight renin-inhlbitory di-or tripeptides comprising acyclic 2-substituted-4-amino-5-cyo- 
lohexyl-3-hydroxy-pentanoic add (ACHPA) have been disclosed In U.S. Patent Application 45,941, filed May 
4, 1987, and other lower molecular weight peptides have been disclosed in Sham, EP 184 855, Bindra et al, 

so EP 155 809, and Matsueda et al, EP 152 255. U.S. Patent Applications 108.343 and 108,344, filed October 
14, 1987, and Bindra et al, EP 229,667, also disclosed shortened peptides with modified C-temninii. 

It was an object of this invention to prepare lower molecular weight peptides which have enhanced biologi- 
cal potency In inhibiting the renin enzyme. It was also an object to prepare shortened peptide sequences which 
incorporate at the C-termlnus a metabolicaily-stabUizing, conformationally-constrained tripeptide mimic to rep- 

55 lace the 10-, 11* and 12-posItion amino acids in the analogous natural substrate. It was a further object to 
Include strategically-located substituents at the C-temnlni of a shortened peptide which confer increased 
potency while constructively altering the physical properties of these peptides. It was an additional object of 
this invention to prepare peptides which have greater oral bioavailability and Increased duration of action. It 
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was still a further object of this invention to prepare novel peptides which are more useful antihypertensive 
agents, and oompounds useful in treating hyperaldosteronism and congestive heart failure. 

It was a further object of this Invention to prepare compounds which have utility in the inhibition of HIV pro- 
tease, ttie prevention of Infection by HiV, the treatment of infection by HIV, and the treatment of AIDS (acquired 
5 immune deficiency syndrome), ARC (AIDS related complex) and diseases of similar etiology. 

DETAILED DESCRIPTION OF THE INVEhiTiON 

The present Invention is directed to renin-lnhibitory di- and tripeptldes of the structure : 



18 




CD 



wherein : 
20 A Is hydrogen; 

Ct-Ce-alkyI ; 

aryl, where aryl is unsubstituted or mono*, di- or trisubstituted phenyl, wherein the substltuent(s) 
is/ara Independentiy selected from the group consisting of Ci-C4-alkyi. phenyl-CrC4-aiky1» amino, 
mono- or di-Ci-C4-allcylamino, amlno-Ci-C4-alkyl. hydroxy-CrC4-alkyi, mono- or di-Ci-C4r alkylami- 
25 no-Ci-C4-allcyl, guanidyl, guanldyt-Ci-C4-alkyl, hydroxyl. 



Ci-C4-alXoay, trif luoromethyl* halo, CHO, 
^ -CO2H, -C0NH2» -C0-lQ),-C0NH-Ci-C4- 

alkyl . -C0N(Ci-C4-alkyl )2 1 -C0-Ci-C4-alkyl . 

-(CH2)m-*N(R6)2R« A-, where R^ is Ci.C4-all<yl ; -(CH2)p-, wherein p is 4-to-6 ; or -(CH2)2-0-(CH2)2- ; R« is C,- 
C4-allcyl, hydroxy-Ci-C4-aIkyl, carboxy-Ci-C4-an^, carbo-Ci-C4- alkoxy-Ci-C4-aikyl, or-CHs-pheny) ; 
35 A' is a counterion selected from the group consisting of single negatively-charged lons» such as chloride, 
bromide, perchlorate. benzoate. benzene sulfonate, tartrate, maleate, hemitartate, and acetate ; 



and m is O-to-3; -C02-Ci-C4-alkyl , -COo- 
^ Ci-C4-alkoxy-C2-C4-alkyl. -(CH2)m-'*'N^ A", 

where A* and m are as defined above, and 

-NRW, where R^ and R« are independentiy hydrogen or unsubstituted or monosubstituted CrC4-alkyl, wherein 
45 the substituent is amino, mono- or di-C2-C4-all^amlno or -^N(R^2R* where R^ R« and A- are as defined 
above; 

Het, where Het is an unsubstituted or mono-or disubstltuted 5-to-7-membered monocyclic or 7-to-1 0-membered 
bicydic heterocyclic ring, wherein the one or two heteroatoms are independentiy selected from the group con- 
sisting of N, O, S, NO, SO, SO2 and quatemlzed N, and the 8ubsUtuent(s), when attached to carbon atom(s) 
50 in the heterocyclic ring. Is/are independentiy selected firom ttie group consisting of hydroxy!, thiol, Ci-Cs-all^, 
CF3, aryl- Ci-C4-alkoxy, halo, ary! or CrC4-a!kyl, where aryl is as defined above, amino, mono- or dl-Ci-C4-al- 
Iq^amino, amino-Ci-C4-alkyi, hydroxy-Ci-C4-alkyl, mono- or di-Ci-C4-aikyl-amino-CrC4-alkyl» guanidyl, guanl- 
dyl-Ci-C4-a]kyl, CHO, CO2H, COrCrC4-alkyl, CONH2, 

85 
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CONH-Ci-C^-alkyl, C0H(Ci-C4-alkyl>2* 
-CO-lQ), Hr7r8, -<CH2>ni-'*'N^^ A" and 
^ -<CH2)ni-'^N<R^>2^' A", where is 

Ci-C4-alkyl, hydroxy-Ci-C4-all^l, carboxy-CrC4-alkyt, carbo-Ct-C4-alkoxy-Ci-C4-alkyt or-CHz-phenyl, wherein 
R> A~, m and are as defined above, or, when attached to sp3 hybridized hefaioatom nltrogen(8) in the 
heterocyde ring, is/are Independently selected from the group consisting of hydrogen ; unsubstituted or wonty 
10 substituted CrCrail^> where the substituent Is independently selected from the group consisting of hydroxy!, 
amino, mono- or di-Ci-C4-alkyl-amino, -CO2H, -CONH2. -CO-NH-C|-C4-alicyl, -C0N(Ci-C4- 

alkyl)2t -CO-lQ), -lQ>^ C02-Ci-C4-alkyl, 
G]^-C7-alkoacy, and acyl, as defined above; 

-CO-CrC4-allcyl ; -COa-Ci-Cra'M ; -CO-NH-CrCralkyI ; -SOz-Ci-CrallvJ ; -CHO ; and -CO-aryl, -CO-NH- 
aryl or -SOraryl, where aryl Is as defined above ; or, when attached to a quatemized sp' hybridized nitrogen 
20 in the heterocyclic ring, are independently selected from the group consisting of Ci-CT-alicyl and mono-substi- 
tuted Ci-C4-alicy!, where the substituent is independently selected from the group consisting of hydroxyl. -COzK 

-CO2-C1-C4- alkyl» -SO3H, -S02NH2t 
25 Ci-C4-alkoi^, di-C]^-C4-alkylamino, -N^^, 

and aryl, as defined above; or, are 

alternatively 

30 -{CH^tf or -(CH2)2-0-(CH2)2- and fonm a quaternary splrocydic ring with the sp' hybridized N-afom, wherein q 
Is 3-to-6 ; or, when attached to a quatemized sp^ hybridized nitrogen In the heterocyclic ring, are independently 
selected from the group consisting of Ci-C7-all^ and mono-substituted C)-C4-all(yt, where the substituent is 
independently selected from the group consisting of hydroxyl, Ci-C4-allcoxy, -CO2H and -C02-Ct-C4-allcyl ; 



40 where R^o is Ci-C7-alkyl : 
hydrogen ; 

IHet, as defined above ; 
aryl, as defined at>ove ; 

nK>no-substituted Ct-C^alkyi, wherein the substituent Is selected from the group consisting of aryl, as defined 
45 above ; Het. as defined above ; hydroxyl ; Ci-C4-alkoxy ; Ca-CT-cycloalkyI ; amino ; mono- or dl-Ci-C4-alkyl- 
amino ; Het-Ci-C4-allcyt, wherein Het is as defined above ; aryl or aryl-Ci*C4-allcyl, wherein aryl is as defined 
above ; -CO^H ; 

-C02R^^ where R}"^ is C^-Cs-alkyl, aryl, as defined above, Het, as defined above, mono-substituted Ca-Cs-allcyl, 
wherein the substituent is hydroxyl, Ci-C4*alicoxy, CrCs-aHcyl-CCV. Ci-Ce-allcyl-CONH-, H-CONH-, amino, 
50 mono- or diall^lamino or halo ; 

-CONH2 ; -CONH-R" or-S(0)„-R", wherein n is O-to-2 and R11 is as defined above ; -NH-CO-R^S where R11 
is as defined above ; -NH-aryl, -NH-CHa-aryl or -CO-aryl, where aryl Is as defined above ; and -NH-Het, *NH- 
CHrHet or-CO-Het, where Het Is as defined above ; 
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0 0 
r11-0-C or R^-J-HH-C, 



where is as defined above ; or 



10 0 

0 

f5 where Is Independently selected ftom the definitions of R^i, Cs-or-C7-all^, or l-let, as defined above ; 
B and D are Independently 

r13 p 

» -N-CH-C » 

RlO 

where Is hydrogen, CfCs-alkyl. or -CHraryl, wherein aryl is as defined above ; and is as defined above; 

25 

0 

or -CH2-CH-II, 
Rio 

30 

where RIO 13 as defined above ; or either B or D, but not both simultaneously, is absent ; 
is hydrogen ; 

aryl, as defined above ; 

35 unsubstituted, mono-, dl- or trisubstituted QrCT-cydoalkyl, where the substituent(s) is/are selected 

from the group consisting of Ci-C4-a1icyl, trifiuoromethyt, hydroxyl, Ci-C4-aIkoxy and halo ; or unsub- 
stituted or 4-monosubstituted 1,3-dithiolan-2-yl or unsubstrtuted or 4-mono-substltuted 1,3*dithian- 
2-yl, where the substituent is -(CHjjm-aryl, where m and aryl are as defined above ; 
R2 is hydrogen, Ci-Cr-alkyl, Cz-CT-aikenyl, phenyl or Ci-Cs-alkyt-phenyl ; 

40 X Is -CHr : -O- : -CH2CH2- ; -CH=CH- ; -CH2NH- : -CHO-. where Ri-* is hydrogen or Ci-Cralkyl ; Ri* 

-CH2CH-. where R^« is C,-Ce alkyi. R« hydroxyl, C1-C4 alkoxyl, Ci-Ca acyloxy, amino, mono-CrCc- 
atkylamino, di-Ci-Ce-alkytamino. amino-Ct-Cs-all^, mono-Ci-Cv-atkylamlno- Ci-Ce-alkyl, CrC4 
alkoxytthk>-CrC4-alkyl, fluoro, carboxy, carboxy-CrCe-alkylamido, aryl or aryt C1-C4 alkoxyl, where 
aryl is as defined above ; 

45 

Z 

— CH2C— » 

so where Z is 0x0, -OCH2-, Ci-Ce alkyi imino, methylene, Ci-Ce alkylmethylene, ; 

OH 



where Ri" teamlnomethyl. mono or dl-Ci-Crali^-amlnomethyl, 4-morpholino. 1-pyrrolIdlnylmethyi, 1-piperidl- 
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nyfmethyl ; 

R3 Is hydrogen ; aryl or-CO-aryl, where aryl is as defined above ; -CO-Het, where Het is as defined above; 
-CO2H ; -CO-NH-R11 or-CO-N(Ri3)-Ri^ where R}^ and R11 are as defined above ; or unsubstituted 
or nrwno-subslituted Ci-Ce-alkyI or ^O-Ci-Ce-allcyl, C2-Cralkenyl, CrCrCycloafkyI or Cg-CT-cyo- 
5 loalkenyl» where the substlhjent on the CrCB-allcyl, Cz-Ca-alkenyl, Cs-CrCydoalkyl or Cs-Cr-cydoal- 

kenyl is selected from the group consisting of Ci-C7-alkyI, Ca-Crcydo-alkyl, hydroxyl, halo. -CHO, 
.CO2H. -COaR^^ or-CONH-Rii or-NHCO-R^S wherein R^< is as defined above. -0-CO-R«, wherein 
R12 |3 as defined above, amino, mono- or di-Ci-Cvalkylamino, mono- amino-Ci-C4-alkylamino, - 
NHR11. -N(Ri3)-CO-Ri2 or-CON(Ri3)-Rii. wherein R^^ Riband RII are as defined above. 

10 



^CO-lT^O. 



15 and aryl, as defined above ; 
R4 is when X is 



-CHO-, -0-, or -CHNH-, 

hydrogen ; 

aryl. as defined above ; 
25 Het. as defined above ; 

unsubstituted or monosubstituted Ci-Cs-alkyf. where the substltuent is selected from the group consisting of 
hydroxyl ; -CO2H ; -COaR^^ or -CONH-Rl^ wherein R^^ is as defined above ; -0-COR«. wherein R« is as 
defined above ; amino ; mono- or di-Ci-C4-alkylamino ; -N(R«)- COR« or -CON(R«)-R", where R«, R« and 
R11 are as defined above ; 

^ -COlO); 



aryl, as' defined above ; Het, as defined above ; and -^N(R^2l^* A- or 
wherein R^ R® and A" are as defined above ; 



40 



0 ^ 



45 

where and A- are as defined above ; or 



BO -C-NH-L^ !n-r17 

+ A- 



where W is Ci-C4-alkyi, Cs-Ce-cydoalkyI, carboxy-Ci-C4- alkyl. carbo-CrC4-aIkoxy-CrC4-alkyl, or -CHrsryl 
55 or-CHrHet. wherein aryl. Het and A- are as defined above ; or 
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is vhen X is -CH2-, -CH2CH2-, -CH=CH-, -CH2CH- 
Z OH R15 

• -CS2C-, or -CH2C- 

hydrogen ; Ci-CT-alkyI ; aiyl. as deflned above ; Het. as defined above ; -COzH ; -CQzR^^ or-CONH-R", where 
10 is as defined above ; hydroxyl ; -O-COR12, where R^^ is as defined above ; amino ; mono- or di-Ci-C4-al- 
Mamlno ; -N(R").COR« or-CON(R«)-R", where R«, 

and are as defined above; -CON 0: 
18 -+N(r5)2R' A", where Si^ , R^ and A" are 

aa defined above; A"; 



20 



25 



35 



kl3 ^ r13 



^^j^-Rl^ vrhste and A** are as 

30 R13 

defined above; 



.r17 a-. 



where R^^ is as defined above ; substituted Ci-Cs-alkyI, wherein the substituent is selected from the group con- 
45 sisting of hydroxyl, -CO2H, -C02R^^ or 

-CONH-R^\ where R^^ is as defined above, -O-COR^^ where R^^ Is as defined above, amino, mono- or di-Ct- 
C4-aIkyiamino, -N(Ria).CORi2, or-CON{R")-Rii. where Ri3, R^^ and RH 

are as defined above, -CO- 

iTb. arvl. 

CO \ I ^ 

as defined above, Het, as defined 
above, and -+N(r5)2r9 A" or -'''l^^ A", 
where r5, r9 ^nd A" are as defined 
above , 
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R 



13 ^ il3 



-r13 a-, where R^3 and A~ are 

- r13 
as defined above, 



+ + 



-NH— k^N-I 



-R^^ A", where R^^ is as 

20 



+ 



defined above ; 

and phannaceutically-acceptable salts thereof. 

25 In the peptides of the present invention, the components having asymmetric centers occur as racemates, 
racemic mixtures and as individual diastereomers, with all Isomeric forms generally being included in the pre- 
sent invention. In particular, asymmetric carbon atoms at the 2, 3 and 4 positions in peptides of formula I pref- 
erably have an S configuration. 

When any variable (e.g., aryl, Het, m, R*. R», R«, R^ R^^, R^^ R^^, A-, etc.) occurs more than one 

30 time in any variable or in fbmnula f , its definition on each ocurrence is independent of its definition at every other 
occun^nce. 

As used herein, "aikyl" is intended to include both branched- and straight-chain saturated aliphatic hyd- 
rocarbor^^roups having the specified number of carbon atoms (Me is methyl, Et is ethyl) ; *alkoxy* represents 
an allcyl group of indicated number of carbon atoms attached through an oxygen bridge ; and "Cs-CT-cycloaikyI" 

35 is intended to include saturated ring groups, such as cyclopropyl, cyclobutyl, cyclopentyl, cydohexyt and cyo- 
loheptyl. "Alkanoyl" Is intended to include those alicylcarbonyl groups of specified number of cart)on atoms, 
which are exemplified by formyt, acetyl, propanoyl and butanoyi ; "alkenyl" is intended to Include hydrocarbon 
chains of either a straight- or branched- configuration and one unsaturation, which may occur at any point along 
the chain, such as ethenyl, propenyl, butenyl, pentenyl, and the like, and includes E and Z forms, where applic- 

40 able ; and "arylalkyi" represents aryl groups as herein defined which are attached through a straight- or bran- 
ched- chain aikyl group of specified number of carbon atoms, such as, for example, benzyl, phenethyt, 
3.3-diph6nyl propyl, 3-indo!ymethyl, and the like. "Halo", as used herein, means fluoro, chloro, bronx) and iodo, 
and "counterion" is used to represent a small, single negatively-charged specie, such as chloride, bromide, hyd- 
roxide, nitrate, acetate, benzoate, perchlorate, benzene sulfonate, tartrate, hemltartrate, maleate, and the like. 

45 As used herein, with exceptions as noted, "aryl" is intended to mean phenyl (Ph), which is optk)naliy-sut>- 

stituted by from one- to three- members Independently selected from the group consisting of Ci-Cr-alkyl, amino 
(Am), mono- or dl-Ct-C4-alkytamino, phenyi-Ci-C4-alkyl, amino-Ci-C4-alkyl, hydroxy- CrC4-alkyl, mono- or di- 
Ci-C4-aikyamino-C|- C4-alkyl, hydroxyl, guanldyl, guanidyl-CrC4- aikyl, C|-C4-aiko}^, CFa, halo, CHO, CO2H, 
CONH2. 

so 

CONH-Ci-C^-alkyl. CONCCi-C^alkyDj. CO-C v-C4-alkyl , 
(CH2>n|-+N<R5>2R6 A", -CO-lQ), -(CH2>n|-+l^ A', 
55 C02-Ci-C4-alkyl , -C02-Ci-C4-alkoxy-C2-C4-alkyl or 

NR7R^ wherein R^ R®, R^ R^ and m are as defined above and A-- is counterion, as defined herein. 'Aroyl* is 
intended to indude those aryl-carbonyl groups which are exemplified by phenoyl. 
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The term "Het"» as used herein, represents a 5-to-7-membered monocyclic or 7-to-10-membered bicydlc 
hetrocycHc ring which is either saturated or unsaturated, and which consists of carbon atoms and one or two 
heteroatoms selected from the group consisting of N, O and S, and wherein the nitrogen and sulfur heteroatoms 
may optionally be oxidized, and the nitrogen heteroatom may optionally be quatemlzed, and including any 
bicyclic group in which any of the above-defined 5-to-7-membered monocyclic heterocyclic rings is fused to a 
benzene ring. Heterocycles which contain nitrogen are preferred. In the case of a heterocyclic ring containing 
one or more nitrogen atoms, the point of attachment may be at one of the nitrogen atoms, or at any carbon 
atom. Examples of such heterocyclic elements include piperidyl, piperidinyl, piperazinyi, 2-oxoplperazlnyl, 2- 
oxopyrolodinal, 2-oxopiperldinyl, 2-oxoazepinyl, azepinyl, pyrryl, pyrrolinyl, 4-piperidony1, pyrrolidinyl, 
pyrazolyl, pyrazolinyl, pyrazolldinyl, Imidazolyf, imidazolinyl, imidazolidlnyl, pyridyl, pyrazinyl, pyrimldinyl, pyri- 
dazinyl, oxazolyl, oxazolidinyl, isoxazolyt. isoxazolidinyl, morpholinyl, thiazolyl, thiazoiidinyl, isothiazolyl, 
quinuclidinyl, isothiazolidlnyl, Indolyl, quinolinyi, isoquinolinyl, benzimidazolyl, benzothiazolyf, benzoxazolyl, 
fiiryl, thienyi, benzothienyt, thlamorpholinyl, thiamorpholinyl sulfoxide, and thiamorphoilnyt sulfone. The 
heterocyclic moiety is further optionally-substituted by from one- to four-members independently selected 
acoordlng to whether the substituent In on a carbon atom, an sp^ hybridized nitrogen, a quatemlzed sp^ nitrogen 
or a quatemized sp^ nitrogen from the various groups defined above, and including spiro quatemary species. 

The following additional abbreviations have also been used herein : 



Abbreviated 




Designation 


Amino Acid/Residue 


ACHPA 


(3S,4S)-4-amlno-5-cyclohexyl-3- 




hydroxypentanolc acid 


Ala 


L-alanine 


Arg 


L-arglnine 


Cys 


cysteine 


Gly 


L-glycine 


His 


D- or L-histidine 


HomoPhe 


homologated phenylalanine 


HomoTrp 


homologated tryptophan 


HomoTyr 


homologated fyrosine 


Oe 


L-isoleucine 


Leu 


L-leucine 


Lys 


L-lysine 


Met 


L-methionine 


NIe 


norleucine 


Nva 


norvaline 


Om 


L-omithine 


(p-MeO)Phe 


L-para-methoxyphenylalanlne 


Phe 


L-phenyl alanine 


Pro 


proline 


Sar 


L-sarcoslne (N-methylglycine) 


Ser 


L-serine 


Sta 


statine 


Thr 


L-threonine 


Abbreviated 




Designation 


Amino Acid/Residue 


Trp 


L-tryptophan 


Tyr 


L-tyrosine 


Val 


L-valine 




Protecting Group 


BOC 


t-butyloxycarbonyl 


CBZ 


benzyloxycarbonyl(carbobenzQxy) 


DNP 


2,4-dinitroph6nyl 


IPOC 


l8opropoxycart>onyl 


ETOC 


ethoxycart>onyl 




Activating Group 


HBT(HOBt) 


1-hydiDxybenzotriazole hydrate 


HOSU 


N-hydroxysucclnlmide 




Condensing Agent 
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DCCI (DCC) 


dicyclohexylcarbodiimide 




DPPA 


diphenyl phosphoiylazidd 




EDC 

til 


carbodilmido hvdrochloridB 


0 


BOP 


hAn7otrifl7nl-1 •vloyvtrl^rdlmathx/l- 




(BOOoO 


di-t-butyl dicafbonate 


lu 


niRAL 


UJiouiiuiyiaitiiiiiiiuiii iiyuiivic 






HtiQrtnrrtni^othulfiiinlnn 




DMAP 


^frlimAfhvlAm!im\nvridlna 
"f^^uii 1 lou ly lai 1 III iwj|/y 1 luii lo 




TEA 


tri Ath vl A mi n A 

u lOM ly im 1 III iw 




AhhmvlfltAfl 




IS 


Dfifikmation 


Pa an Ant 




TFA 


trifluoroacetic acid 




LAM 


iitnium aluminum nydnae 






iiinium uiisopropyiamiuo 






o-cnioroparoxyDanzoic acta 


20 




iN-moinyi morpnoiino 






pynainium para*roiuenosmronare 




1 DAr 


c6ira-n*Dutyi ammonium nuonuB 
ooiveni 






awCJUw avHJ 






u icniui ui 1 leuiaiie 




DMF 


dimathylfonnamide 




DMSO 


dimethyl sulfoxide 




EtOAc 


ethyl acetate 




EtOH 


ethanol 


30 


EtiO 


ether 




MeOH 


methanol 




THF 


tetrahydrofuran 



The nd^el renin Inhibitory peptides of the present Invention may be generalized and altemately descrit)ed 
in tenms of common amino acid components and dosely-related analogs thereof, in accordance with formula 
35 I, wherein : 

A, 1^, and X are as defined under Formula i ; 

B is Absent, Ala, Leu. Phe, HomoPhe, (p-MeO)Phe, 

I 

-N-CH-CO-, Tyr, Trp, HomoTrp. -CH2CH-CO-, 

45 or where W and R*^ are as defined above ; 
D is Absent, Ala, Ser, Met. Thr, Phe, Tyr, Trp, 

Nle, Eis, Lys, Orn, Arg or Val, -CH2CH-CO- 



r13 
or -A-CH-CO, 



where and R^® are as defined above, such that B and D are not simultaneously absent 
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45 



SO 



In terms of substrate analogy, a unique aspect and essential feature of the present Invention is the sub- 
stitution of the 



f5 



H OH Q 
-N 




CH 



N 



component for the triple amino acid sequence, Leu^^-Val'ii-llei^ {p the endogenous human renin substrate. 



7 8 9 10 11 12 13 
(Pro Phe His Leu Val He His) • 



It wilt be understood that ctosely-related analogs of the above common amino acids, for example, aliphatic 
amino acids In addition to Ala, Val, Leu, and lie, such as a-aminobutyric acid (Abu), derivatives of amino acids 
20 having heteroatom- containing side chains, substituted phenyl derivatives of Phe, and N«-methyl amino acids, 
are included In the broad description of the novel inhibitory peptides of the present invention represented by 
Fomnula I and related definitions. 

Prefened renin-inhibitory peptides are those wherein A is R^o-CO-, R^^-O-CO-, R^-SOrt R^^Oa, or R^^- 
NH-CO-, wherein R^o and R^^ are as defined above ; B Is absent (when D is present), L-phenylalanyl or 
25 derivatives thereof substituted on the aromatic ring, or is 



30 



35 



-CH2-CjH-C0- ; 
CH2Ph 

D Is absent (when B is present), L-hlstidyl, N-a-methyl-L-histidyl, L-valinyl or L-nor-leucinyl ; R^ is cyclohexyl; 
R^ Is hydrogen or methyl ; R^ is n-propyl, 2-methylpropyl, or hydrogen ; and R^ is -CH2-*N(R5)2R» A- where R^, 
R» and A- are defined as above, or hydrogen, when X is -CH2O-, or R* is -♦N(RS)2R® A- or -CH2-^N(R«)2R® A-, 
when X is -CH2CH2-. 

Representative preferred renin-inhibitory peptides of the present invention include the following cont- 
pounds having the structure : 



40 



H OH O 
A-B-D-N> 




CH- 



55 
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vhereittt in the structures; 
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R** 



51. Etoc Phft His cyclo-CgH^i H 
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More preferred renin-inhibltory peptides include those wherein In the structures ; 
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A ft n r2 J g3 g4 
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Most preferred renin-inhibitory peptides include those wherein in the structures ; 
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The phanmaceutlcally-acceptable salts of the peptides of formula I (in the form of water- or oll-soluble or 
dispersible products) include the conventional non-toxic salts or the quartemary ammonium salts of Oiese pep- 
tides which are formed, e.g.. from inoiganlc or organic acids or bases. Examples of such acid addition salts 
Include acetate, adlpate, alginate, aspartate, benzoate, benzene- sulfonate, bisulfate, butyrate, citrate, cam- 

5 phorate, camphorsuifonate, cydopentaneproplonate, digluconate, dodecylsulfata, ethanesulfonate, fumarate, 
glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobromide, hyd- 
roiodide, 2-hydroxyethanesulfonate, lactate, maleate, methane- sulfonate, 2-naphthalene8ulfonate, nicotinate, 
oxalate, pamoate, pectinate, persuifete, 3-phenyl- propionate, picrate. pivaiate, propionate, succinate, tartrate, 
thiocyanate, tosyiate, and undecanoate. Base salts include anrtmonium salts, aikali metal salts such as sodium 

10 and potassium salts, alkaline earth metal salts such as calcium and magnesium salts, salts with organic bases 
such as dl^dohexylamine salts, N-methyl-D-gtucamine, and salts with amino acids such as arginine, lysine, 
and so forth. Also, the basic nitrogen-containing groups may be quaternized with such agents as lower alkyl 
halides, such as methyl, ethyl, propyl, and butyl chloride, bromides and Iodides ; dialkyi sulfates like dimethyl, 
diethyl, dibutyi ; and diamyl sulfates, long chain halides such as decyi, lauryl, myrlstyi and stearyl chlorides, 

IS bromides and iodides, aralkyi halides like benzyl and phenethyl bromkies and othere. 

Chemical synthesis of the compounds with the general structure given in fonmula I may be accomplished 
in several ways as illustrated by the following generalized procedures (wherein ''ACHP', an abbreviation of 2- 
Amino-3-Cyclohexyl-1-HydroxyPropyl, is used in describing the structural segment which Joins the A-B-D and 

20 



O r3 



25 




bicydic lactam portions of the invention as shown in fomiula I. The ACHP segment is connected through the 
1-position of the propyl chain to the 2-position of the bicydic lactam mole^, and through the amino group to 
30 the ArB-D^egment). 

Method A : 

Step A1, A bicydic lactam derivative having the structure : 

35 



40 




45 

wherein R^- and X are defined above unless otherwise indicated. Is obtained through commercial sources 
or is prepared using well known chemical methods for preparation of compounds of this type (see Example 1); 

Step A2, The enolate of the bicydic lactam derivative is generated, such as by using LDA as the base, 
and Is added to a nitrogen-protected (e.g., N-Boc or N-CBZ protected) a-amlno-aidehyde (e.g., N-tert- 
50 butyloxycarbonyl-cydohexylaianlnal) to give a Boc- or CBZ- protected amino alcohol derivative (see Example 
2); 

Step A3. The nitrogen protecting group of the amino alcohol derivative from step A2 is removed (e.g., by 
hydrogenolysis for CBZ protection, or TFA treatment for Boc protectk>n) and the amine is coupled using stan- 
dard peptide methodology to one or two amino acids, or to an appropriate carboxyllc add, the stnjcture(s) of 
55 which is/are described by A, B, and D in the general formula I (e.g. see Example 3A steps 1 and 2, and Example 
3B) ; and 

StepA4, Removal of any protecting groups which may have been used, e.g., on the lactam substitajent(s) 
(R^ R* and X), or on the amino ack! side chains (see Example 3A, step 3), gives the final products. 
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Method B : 

Steps A1 and A2 are as followed. 

Step B3, Modification of the lactam sub5tltuent(s} (R3, and X in generic formula I) is/are performed, as 
5 shown in Examples 2il*2XX 

Then Steps M and A4 are followed. 

Method C : 

10 Steps A1, A2 and A3 are followed. 

StepC4 : modification of the lactam substituent(s) (R^ R^ and X in generic formula I) Is/are performed, as 
shown in Examples 3YY-3CCC. 
Step A4 is then followed. 

The novel peptides of the present invention possess a high degree of activity in treating renin-associated 

IS hypertension, hyperaldosteronism and/or congestive heart failure In humans, as well as in other warm-blooded 
animals such as mice, rats, horses, dogs and cats. 

In addition, the peptides of the present invention have utility in the Inhibition of HIV protease, the prevention 
or treatment of infection by HIV and the treatment of AIDS, either as compounds, phanmaceutically acceptable 
salts, phannaceutical composition ingredients, whether or not In combination with other antivirals, 

20 immunomodulators, antibiotics or vaccines. Treating AIDS, preventing infection by HIV or treating Infection by 
HIV, is defined as including, but not limited to, beating a wide range of states of HIV infection : AIDS, ARC (AIDS 
related complex), both symptomatic and asymtomatic, and actual or potential exposure to HIV. For example, 
the compounds of this invention are useful In preventing Infection by HIV after suspected past exposure to HIV 
by, e.g., blood transfusion, accidental needle sticic, or exposure to patient blood during surgery. 

25 For these purposes, the peptides of the present Invention may be administered orally, parenterally (includ- 

ing subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion techniques), by inha- 
lation spray, or rectaliy, in dosage unit formulations containing conventional non-toxic, 
pharmaceutlcally-acceptabfe carriers, adjuvants and vehicles. 

Thus, in accordance with the present invention there Is further provided a method of treating and a phar- 

30 maceutical composition for treating renin-associated hypertension, hyperaldosteronism, and/or congestive 
heart fellure. This treatment involves administering to a patient In need of such treatment a phamnaceutical 
composition comprising a pharmaceutical carrier and a therapeutlcally-effective amount of a peptide of the for- 
mula : 

35 
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4S wherein A, B, D, R\ R2 Rs, R4 and X are defined above, or a phanmaceutically-acceptable salt thereof. 

In addition, in accordance with the present invention there is further provided a method of treating and a 
phanmaceutical composition for treating HIV infection and AIDS. The treatment involves administering to a 
patient in need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a 
therapeutically-effective amount of a compound of the presnet invention, or a pharmaceutically-acceptable salt 

eo thereof. 

These pharmaceutical compositions may be in the form of orally-administrable suspensions or tablets ; 
nasal sprays ; sterile injectable preparations, for example, as sterile injectable aqueous oroleagenous suspen- 
sions ; or suppositories. 

When administered orally as a suspension, these compositions may contain microcfystalline cellulose for 
55 Imparting bu\K alginic acid or sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, 
and sweetnera^avoring agents known in the art As Immediate release tablets, these compositions may contain 
microoystalllne cellulose, dicalclum phosphate, starch, magnesium stearate and lactose and/or other exc(- 
plents, binders, extenders, disintegrants, diluents and lubricants known in the art 
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When adminrstered by nasal aerosol or inhalation, these compositions are prepared according to techni- 
ques known in the art of pharmaceutical formulation and may be prepared as solutions In saline, employing 
benzyl alcohol or other suitable preservatives, absorption promotere to enhance bioavailability, flourocarbons, 
and/or other soiublllzing or dispersing agents known in the art. 

The injectable solutions or suspensions may be formulated according to known art, using suitable non- 
toxic, parenterally-acceptable diluents or solvents, such as mannitol, 1,3-butanediol, water, Ringer's solution 
or Isotonic sodium chloride solution, or suitable dispersing or wetting and suspending agents, such as sterile, 
bland, fixed oils, Including synthetic mono- or digtycerides, and fatty acids, including oleic acM. 

When rectally administered in the form of suppositories, these compositions may be prepared by mixing 
the drug with a suitable non-Irritating excipient, such as cocoa butter, synthetic glyceride estere or polyethylene 
glycols, which are solid at ordinary temperatures, but liquify and/or dissolve in the rectal cavi^ to release the 
drug. 

Dosage levels of the order of 0.02 to 2.0 grams-per-day are useful in the treatment of the at>ove-indlcated 
conditions, with oral doses two-to-five times higher. For example, renin- associated hypertenston and hyperal- 
dosteronism are effectively treated by the adminlstratton of from 10 to 50 milligrams of the compound per kilog- 
ram of body weight from one to three times per day. It will be underetood, however, that the specific dose level 
and frequency of dosage for any particular patient will depend upon a variety of factore including the activity 
of the specific compound employed, the metabolic stability and length of action of that compound, the age, body 
weight general health, sex, diet, mode and time of administration, rate of excretton, drug combination the sev- 
erity of the particular condition, and the host undergoing therapy. 

The present invention is also directed to combinations of the novel renln-inhibitory peptides of Fonmula I 
with one or more antihypertensive agents selected from the group consisting of diuretics, a- and/or p-adrenergic 
blocking agents, CNS-acting agents, adrenergic neuron blocking agents, vasodilatore, angiotensin I converting 
enzyme inhibitore, calcium channel btockera, and other antihypertensive agents. 

For example, the compounds of this inventton can be given in combination vtrtth such compounds or salt 
or other derivath^e fbnms thereof as : 

Diuretics : acetazolamlde ; amilorlde ; bendroflumethiazlde ; benzthlazide ; bumetankle ; chlorothiazide ; 
chlorthalidone ; cyclothlazlde ; ethacrynic acid ; furosemlde ; hydrochlorothiazide ; hydroflumethiazide ; indao- 
rinone (racemic mixture, or as either the (+) or (-) enantiomer alone, or a manipulated ratio, e.g., 9 :1 of said 
enanflomere, respectively); metoiazone; methydothiazide ; muzolimine; poiythiazide ; quinethazone ; 
sodium ethacrynate ; sodium nitroprusslde ; spironolactone ; ticrynafen ; triamterene ; trichlormetiiiazide ; 

g-Adrenerqlc Blocking Agents : dibenamine ; phentolamine ; phenoxybenzamine ; prazosin ; tolazoiine ; 

B -Adrenergic Blocking Agents : atenolol ; metoprolol ; nadolol ; propranolol ; tirrwiol ; 

((±)-2-[3-(tert-butyiamino)-2-hydroxypropoxy]-2-furananlIide) (ancaroloi) ; 

(2-acetyl-7-<2-hydroxy-3-lsopropylaminopropoxy)benzofuran HCI) (befunolol) ; 

((±}-1-<lsopropylamlno)-3-(p-(2-cyclopropylmethoxyethyl)-phenoxy)-2-propranol HCI) (betaxolol) ; 

(H(3,4*dtmethoxyphenethyl)amino]-3-(m-tolyloxy)-2-propanol HQ) (bevantolol) ; 

((±)-1 -(4-((2-lsopropoxyethoxy)metiiyi)phenoxy)-3-isopropyIamlno-2-propanol)fumarate) (bisoprolol) ; 

(4-(2-hydroxy-3-[4-(phenoxymethyl)-plperldlno]-propoxy)-lndole) ; 

(carfoazolyl-4-oxy-5,2-(2-methoxyphenoxy)-ethylamlno-2-propanol) ; 

(1-((1,1-dimethylethyl)amlno)-3-((2-methyl-1H-lndoI-4-yl)oxy)-2-propanol benzoate) (bopindolol) ; 
(1-(2-exobicydoI2.2.1]-hept-2-ylphenoxy)-3-{(1-methyl-ethyI>-amino]-2-propanol HCI) (bomaprolol) ; 
(o-[2-hydroxy-3-[(2-indol-3-yt-1,1-dimethylethyl)-amlno]propoxy]benzonitriIe HCI) (buclndotol) ; 
(a-[(tert-butylamino)methyl]-7-ethy]-2-b6nzofuran-methanol) (bufuralol) ; 
(3-[3-acetyl-4-[3-(tert-buty1amlno)-2-hydroxypropyl]-phenyl]-1,1-dlethylurea HCI) (celiprdol) ; 
((±)-2-{2-[3-[(1,1-dlmethylethyl)amino]-2-hydroxypropoxy]phenoxy]-N-methylacetamide HCI) (cetanralol) ; 
(2-benzimidazolyl-phenyl(2-isopropyfaminopropanol)) ; 

((i:)-3'-acetyl-4'-(2-hydroxy-3-lsopropylamlnopropoxy}-acetanilide HCI)-(diacetolol) ; 
(methyl-4-[2-hydroxy-3-[(1-mettiylethyl)aminopropoxy]]-benzenepropanoate HQ) (esmoloi) ; 
(erythro-DL-l -(7-m6thyiindan-4-yloxy)-3-isopropyl-aminobutan-2-ol) ; 
(1-<tert-butylamino)-3-[0-(2-propynyloxy)phenoxy]-2-propanol (pargolol) ; 
(1-(tort-butylamino)-3-[o-(6-hydrazino-3-pyridazinyl)-phenoxy]-2-propanol diHCI) (prizidiiol) ; 
((-)-2-hydroxy-5-[(R)-1-hydroxy-2-[(R)-(1-methyl-3-phenylpropyl)amino]ethyilbenzamide) ; 
(4-hydroxy-9-[2-hydroxy-3-(l8opropylamlno)-propoxy]-7-methyi-5H-furo[3,2-g][1]-benzopyran-5-one) 
(iprocrolol) ; 

(('*)-^(^8rt-butylamlno)-2-hydroxypropoxy]-3,4-dihydro-1-(2H)-naphthalenone HCI) (levobunolol) ; 
(4-(2-hydroxy-3-isopropyiamino-propoxy)-1,2-benzisothiazole HCI) ; 
(4-[3-(tBit-butylamino)-2-hydroxypropoxy>N-methylisocarl>ostyril HCI) ; 
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((±)-N-2-[4-(2-hydroxy-3-fsopropy! amlnopropoxy)-phenyl]ethyl-N'-lsopropylurea) (pafenolol) ; 
(3-[[(2-trHluoroacetamido)ethyl]amino]-1 -phenoxypropan-2H3l) ; 
(NKi<o-chlorophenoxy)-2-hydroxypropyl)-N'-(4'-<:hlorc>-2,3-dlhydro-3^ 
ne); 

({±)-N-I3-acetyl-4-P-hydroxy-3-[(1-methylethyl)-amino]-propoxy]phenyl]bula^ (acebutolol) ; 
((±)-4'-[3-(tBrt-butylamino)-2-hydroxypropoxy]spiro-[cydoh ,2'-indanH '-one) (splrendolol) ; 

(7-[3-IP-hydroxy-^^(2-methylindoI-4-yI)oxy]propyI]-amIno]butyl]thlophyIIIn (teoprolol); 
((±)-14ert-biJtylamino-3-(thiochroman-8-yloxy)-2-propanol) (tertatolol) ; 
((±)-1-tert-butylam{no-3-(2.3-xylyloxy)-2-propanol HO) (xlbenolol) ; 
(8-[3-(tert-butylamino)>2-hydroxypropoxy]-5-methyf-coumarin) (bucumolol) ; 
(2-(3-(tert-buty«amlno)-2-hydroxy-propoxy)benzonitrile HCI) (bunitrolol) ; 
((±)-2'-[3-(tert-butylamino)-2-hydroxypropoxy-5'-f!uorobutyrophenone) (butofilolol) ; 
(1-(carbazol-4-yioxy)-3-(isopropylamino)*2-propanol) (carazolol) ; 
(5-(3-tert-butylam!no-2-hydroxy)propoxy-3,4-dlhydro-carbostyril HCI) (carteolol) ; 
(1-(tert-butylamino)-3-(2,5<lichlorophenoxy)-2-prDpanoI) (doranolol) ; 
(1-(inden-4(or 7)-yfoxy)-3-(isopropylam{no)-2-propanoi HCI) (Indenolol) ; 
(1-isopropylam!no-3-[(2-m6th]^lndol-4-yt)oxy]-2-propanol) (meplndolol) ; 
(1-(4-acetDxy-2,3,5-trimethyfphenoxy>-3-lsopropylamino-propan-2-ol) (metipranolol) ; 
(1-(lsopropylamino)-3-(o-m8thoxyphenoxy)-3-[(1 -methyiethyt)amlno]-2-propanol) (mopiolol) ; 
((1-tert-bufylamrno)-3-[(5.6J,84etrahydro-Gls*6J-dlhydroxy-1-naphft 

((S)-1-{2-cydopentyfphenoxy)-3-t(1,1-dimethylethyl)-amlno]-2-propanol sulfate (2 :1)) (penbutolo!) ; 
(4'-I1-hydroxy-2-(amlno)ethyllmelhanesulfonanilide) (sotalol) ; 

(2-methyl-3-[4-(2*hydroxy-3-teit-butylaminopropoxy)-phenyl]-7Hrnetho ; 
(1-(4-(2-{4-fluorophenyloxy)ethoxy)phenoxy)-3.lso-propylamlno-2-propanol HCI) ; 
((->.p-[3-K3,4-dimethoxyphenethyl)amlno]-2-hydroxypropoxy]-p-methyicl^ (pacrinolol) ; 

((±)-2^3'-terLbutylamlno-2'-hydroxypropyllhio)^(5'-carbamoyl-2'-thieny1 HCI) (arotinolol) ; 

(W-1H^I2-(cydopropy1methoxy)ethoxylphenoxyl-3-(lsopropyl^ (cidoprolol); 

((±)-1-[(3^hlon>-2Hnethyllndol-4-yl)oxy]-3-K2-phenoxye%0 (Indopandol) ; 

({±)-6-CI2-IP-<p.butDxyphenoxy)-2-hydroxypropyl]-amlno]ethyllamlno]-1 ,3-dlmethyluradl) (pirepolol) ; 
(4-(cydohexylamino}-1-(1-naphtho!enyloxy)-2-butanol) ; 

(1-phenyl-3-b-P-(2-^anophenoxy)-2-hydFoxypropyq-ainlnoethyl]hydantoin HCI) ; 

(3.4-dlhydn>-8-(2-hydroxy*3-lsopropylamInopropQxy)-3-nltroxy-2H-1 

g- and B-Adrenergic Blod<lng Agents : 

((±)-1-tert-butylam{no)-3-[o-[2-(3-niethyl-5-isoxazolyl)vinyl]phenoxy]-2-pro 
(1-lsopropylamino-3-(4-(2-nitroxyethoxy)phenoxy)-2-propano! HCI) ; 

{4-hydroxy-^-P-{4.methoxyphenyl)-1-niethyIpropyl]-anrilnomethyl}-3-(nieth HCI) 
(suffinalol) ; 

(5-[1-hydroxy-2-II2Ko-methoxyphenoxy)ethyllamino]-ethyl]-2-methylb HQ); 
(5-[1-hydroxy-2-[0-methyl-3-phenylpropyI)amlno]-ethyI]-saHcylamlde HQ) (labetalol) ; 
(1-((3-chloro-2-methyI-1H-mdoI-4->1)oxy)-3-((2-phenoxyethyl)amlno)-2^ 
(ifendolol) ; 

(4-(2-hydroxy-3-[(1 -inethyl-3-phenylpropyl)amlno]-propoxy)benzeneacetamide) : 
(1-[3-II3-{1-naphthoxy)-2-hydroxypropyll-amino^3.3-dimethyt-propyl]-2-benzin^ ; 
(3-(H2-hydroxy-2-(4^hlorophenylethyl)-4-piperldyl)-3,4-dihydroxy)qu!noxolln-2(1H)-^ 
CNS-ActIng Agents : donidine ; methyldopa ; 

Adrenerotc Neuron Blocking Agents : guanethldine ; reserplne and other rauwolfia alkaloids sudi as resci- 
nnamine ; 

Vasodilators : diazoxide ; hydralazine ; minoxidil ; 
Angiotensin i Converting Enzyme Inhibitors : 
1-(3-mercapto-2-methyl-1-oxopropyl)-L-proline (captopril) ; 
(1-(4-ethoxycarbony1-2,4(R,R)-dimethylbulanoyl)-indoline-2(S)-carboxy!ic acid) ; 
(2-[2-II1Ketho)ycart)onyl)-3-phenyl-propyl]amino>1-oxopropya-1,2,3Atetrahydro-3-te car- 
boxyltc acid) ; 

((S)*1-[2-I[1-(ethoxycarbony!)-3-phenylpropyl]amino^1-oxopropyQoctahydro-1H-indole-2-^ acid 
HCI); 

(N-cydopentyl-N-(3-(2,2-^imeth^-1-oxopropyl)thlol-2-methyl-1-oxopropyl)glycine)(pivalopri^ 
((2R,4R)-2-(2-hydroxyphenyl)-3-(3-mefcaptopropionyl)-4-thiazo[idinecarboxyllc acid) ; 
(1-(N.I1(S)-ethoxycarbonyl-3-phenylpropylMS)-alanyi)-cls,synH)ctahydroind acid HQ) ; 
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((.)-(S).1-[(S)-3Hnercapto-2Hnethyl-1<>xopropyl]-indoline-2-K;arboxyl^ acid) ; 
tt1(S),4S]-1-[3-(benzo>1thlo)-2Hfnethyl-1-oxopropyl]-4-phenyIlhto-^ ; 
(3-([1-ethoxycarbonyl-3-phenyl-(1S)-propyl]amlno)-2,3,4,5^^^ 
ic ackJ HCl) ; 

(N-(2-ben;^-3-m6rcaptopropanoyl)-S-ethyl-L-cysteine) and the S-methyl analogue ; 
(N-(1(S)-ethoxycarfoonyl-3-phenylpropyl)-L-alanyl-L-prollne maleate) (enalaprll) ; 
N-[1-(S)-carfooxy-3-phenylpropyt}-L-alanyl-1-proline ; 
NM1-(S)-carboxy-3-phenylpfopyl]-L-lysyl-L-proline (lislnopril) ; 
Calcium Channel Blockers ; 

a-[3-D2-K3»4-dlmethoxyphenyl)ethyl]methylam{nol-propyl]-3Adinriethoxy-a-(1-nr^ 
tonltrile (verapamil) ; 

1,4-dihydro-2,6-dlmethyi-4-(2-nitroph6nyt)-3,5-pyridinedlcarboxyllc acid dimethyl ester (nifedipine) ; 

2- (2,2-dicydohexylethyl)p[peridine (perhexiilne) ; 
N*(1-methyl-2-phenylethyt)-phenylbenzen6propanamine (prenylamlne) ; 

3- (amino8ulfonyl)-4-chloro-N-(2,3-d!hydro-2-methyl-1 H-indol*1-yl)benzanftlde (Indapamide) ; 
(2'-(2-diethylaminoethoxy)-3-phenylprop!ophenone (etafenone) ; 

(4.[4,4-bis-(4-fluorophenyl)butyi}-N-(2,6-d!methylphenyl)-1-piperazlneac6tamide)(lidofl^ ; 

(2-(N-t>enzyi-NHfnethylamino)ethylmethyl-2,6-dimethyi-4-(m-nltrophenyl)-1,4Kll^ 

oxylate HCl) (nicardipine) ; 

(N-(3,4-dimethoxyphenethyl)-2H3,4-dimethoxyphenyi)-N-methyl-nri-dithiane-2-propylamin^ 
oxide) (tiapamll) ; 

(5,6-dimethoxy-2<<3-[(a-K3.4-dimethoxy)phenyiethyl)-methylamlno]propyl)phthaiimldlne)(faiipa^ ; 
(P-[(2Hrnethylpropoxy)methyq-M-phenj^-N-phenylmethyl-1-pynrolidineethanamin HCl monohydrata) (bep- 
ridll) ; 

((+)-cis-3-(acetyloxy)-5-[2"<dimethyiamino)ethyl]-2,3-dihydro-2-<4-methoxyp 
-(5H)-one) (diitiazem) ; 

((E)-1-P>is-(p-fiuorophenyl)methyi]-4-cinnamylpipeFazlne di HCl) (flunarizine) ; 

(5-[(3,4-d]methoxyphenethyl)methylam{no^2-isopropyl-2-<3A5-tr]methoxypheny (gal- 
lopamil) ; 

(ethy!methyl(2,3-dichlorophenyl)-1 ,4-dlhydro-2,6-dimethyl-3,5-pyridinedicarfooxyiate (feiodipine) ; 
(isopropyl-2-niiethoxyethyi-1,4-dlhydro-2»6-dimethyl*4-(3-nltrophenyi)^^ (nimodl- 
pine) ; 

(3-ethyl-5-methyl-1 ,4-dihydro-2,6-dlmothyl-4-(3-n itrophenyl)-3,5-pyridlne-dicarboxylate) (nitrendipine) ; 

Other Antihypertensive Agents : aminophylllne ; cryptenamine acetates and tannates ; deserpidlne ; 
meremethoxylllne procaine ; pargyline ; trimethaphan camsylate ; and the like, as well as admbctures and com- 
binations thereof. 

Typically, the individual daily dosages for these combinations can range from about one-fifth of the mini- 
mally-recommended clinical dosages to the maximum recommended levels for the entities when they are given 
alone. Coadministration Is most readily accomplished by combining the active Ingredients into a suitable unit 
dosage fonm containing the proper dosages of each. Other methods of coadministration are, of course, possible. 

The renin-lnhibitory novel peptides of the present invention may also be utilized in in vivo or in vitro diag- 
nostlc methods for the purpose of establishing the significance of renin as a causative or contributory factor in 
hypertension, hyperaldosteronism or congestive heart feilure in a particular patient 

In the in vivo method, a novel peptide of the present invention is administered to a patient, preferat>ly by 
intravenous injectk>n, although parenteral administration is also suitable, at a hypotensive dosage level in a 
single dose of from 0.1 to 10 mg per kg of body weight, and the resulting transitory fell in blood pressure, if it 
occurs, indicates supranormal plasma renin levels. 

In vitro methods which may be employed Involve incubating a body fluki, preferably plasma, with a novel 
peptide of the present invention according to methods described In Bogeret aL, J, Med. Chem.. 1985, 28, 1779- 
1790. 

The following are intended to exemplify the present invention, without, however, limiting it. 
EXAMPLE 1 

Synthesis of starting lactams 

A. Preparation of S(S)-Allyi-7-Qxa-9(S)-lndoilzldin- 3-One 
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Step 1 : 5(S)-A!lyloxymethyl-2«Pyrrolidinone and 1-Allyl-5(S)-Hydroxymethyf-2-Pyrrolidinone 

To a mechanically stirred, O^C solution of 5(S)-hydroxymethyl-2-pyrr6lIdinone (40.0 g ; 0.348 mol ; prep- 
ared by the method of Chem, Pharm. Bull. Japan (1980). Saijo etal., 28, 1449, in 2 Lof dry THF under an atmos- 
5 phera of nitrogen, was added n-butyllithium (155 mL of a 2.5 molar solution in hexanes ; 0.384 mol) dropwise 
over a period of 2 hours. The resulting suspension was stirred at ambient temperature for 3 hours, at which 
time aiiyi bromide (48.0 g ; 0.397 mol) was added dropwise over a period of 1 hour. The reaction mixture was 
stirred at ambient temperature for 1 6 hours, filtered through Celite, and the filtrate solvents were removed under 
reduced pressure. The residue was flash chromatographed over silica gel using a gradient elutlon, 2% 
10 MeOH/CHaCI^ to 8% MeOH/CHaCIa, giving In order of elutlon from the column, 1-aliyi-5(S)- allyloxymethyI-2- 
pyrrolldinone (19.0 g ; 28%). 1-aliyl-5(S)-hydroxymethyl-2-pyrrolldinone (9.71 g ; 18%) and 5(S>-aliyloxyme- 
thyl-2-pyrrolldinone (12.4 g ; 23%), 

TLC (Silica Gel 60-F254, 5% l^eOH/CHzCiz) Rf=0.58 ; 

'H NMR(300 MHz, CD3OD) 6 = 1.88 (M, 1H), 2.16-2.43 (M. 3H), 3.38 (dd. 1H), 3.46 (dd. 1H), 3.82 (M, 1H), 
18 4.01 (dm, 2H), 5.16 (dm, 1H), 5.27 (dm, 1H). 5.91 (s, 1H). 

Step 2 : 5(S)>Acetoxy>7>Oxa-9(S)-lndolizidin-3-One 

Into a-78*»C solution of 5(S)-ailyloxymethyl-2.pyrrolldinone (6.0 g ; 32.3 mmol) in 10% MeOH/CHaCIa (100 
20 ml) was bubbled a stream of ozone until a pale blue color pereisted (ca. 16 min). Excess ozone was purged 
by bubbling nitrogen through the solution until a colorless solution was obtained. Dimethyl sulfide (3 mL) was 
added to the solution, which was then allowed to warm to ambient temperature for 2 houra. The solvents were 
removed under reduced pressure, the residue was dissolved in dimethyl sulfide (8 mL), and the resulting sol- 
ution was refluxed for 4 houra. 
25 Excess dimethyl sulfide was removed under reduced pressure, and the resulting oil was stored at 35^C in 

vacuo (0.2 tonr) for 16 houra to remove OMSO. 

Isomer I : TLC (SUica Gel 60-F254, 5% MeOH/CHaClz) Rf=0.65 ; 

'H NMR (300 MHz. CD3OD) 8 « 1.58 (M, 1H). 2.10 (M.IH), 2.38 (M, 2H), 3.22 (dd, 1H), 3.31 (t, 1H), 3.75 
(M, 1H), 3.87 (dd, 1H), 3.98 (dd, 1H), 5.11 (dd, 1H). 
30 Isomer II : TLC (SHIca Gel 60-F254, 6% MeOH/CHaCy RnO.27 ; 

'H NMR (300 MHz, CD3OD) 8 « 1.55 (M, 1H), 2.14 (M.IH). 2.3-2.5 (M, 2H), 3.15 (t, 1H), 3.45 (dd. 1H), 3.89 
(d. 1H), 4.04.1 (M, 2H), 5.30 (d, 1H). 

The crude ozonolysis product was dissolved in 1 :1 acetic anhydride/pyridine (10 mL), DMAP (0.10 g ; 0.82 
mmol) was added, and the resulting solution was stored at ambient temperature for 6 houra, and then at 5^C 
35 for 18 houra. Excess acetic anhydride and pyridine were removed under reduced pressure and the residue was 
flash chromatographed over silica gel using a gradient elutlon of 15% to 35% ether/CH2Cl2 to give the title com- 
pound (4.4 g ; 68%) as a colorless oil. 

TLC (Silica Gel 60-F254, 40% EtOAC/CHzClz, 2 developments) RpO.59 ; 

'H NMR (300 MHz CDCI3) 5 = 1.58 (M, 1H). 2.18 (M, 1H), 2.09 (S, 3H), 2.43 (M, 2H). 3.18 (t, 1H), 3.52 (dd. 
40 1H), 4.00 (M, 1H), 4.09 (d, 1H), 4.1 1 (dd, 1 H). 6.35 (d, 1H). 

Step 3 : 5(S)-Ailyl-7-Ox&>9(S)-lndolizidin-3-One 

To a O^C solution of 5(S)-acetoxy-7-oxa-9(S).indolizidin-3-one (4.00 g ; 20.1 mmol) In dry CH2CI2 (20 mL) 
45 under an atmosphere of nitrogen was added allyltrimethylsllane (6.8 g ; 60 mmol) followed by t>orontrifluorfde 
etherate (2.7 ml ; 22.1 mmol). The solution was stirred at OX for 1 hour, and then at ambient temperature for 
1 hour. The reaction was quenched with saturated aqueous NaHCOs (50 mL), the layera were separated, and 
the aqueous phase was extracted with CH2CI2 (3 x 50 mL). The combined organic phases wera dried (MgS04), 
filtered, and the solvents were removed under reduced pressure. The residue was flash chromatographed over 
50 silica gel using a gradient elutlon of 6% to 25% ether/CH2Cl2 to afford the title compound as a colorless oil (3.50 
g;96%). 

TLC (Silica Gel 60-F254, 40% diethyl ether/CH2Ci2, 2 developments) Rf»0.48 ; 

'H NMR (300 MHz. CDQ,) 8 = 1.50 (M, 1H). 2.1 1 (M. 1H), 2.35-2.55 (M, 4H), 3.07 (t. 1H), 3.42 (dd, 1H), 
3.81 (M, 1H), 3.82 (d. 1H). 4.01 (dd. 1H). 4.06 (td, 1H). 5.08 (dm, 1H), 5.12 (dm, 1H), 5.78 (ddt, 1H). 

88 

B. Preparation of 5(SH2-Methylallyl)-7-Oxa-9(S)*lndoiizidin-3-One 



The title compound was prepared from 5(S)-acetoxy-7-oxa-9(S)-indollzidin-3-one (1.12 g ; 5.63 mmol), 
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methallyltrimethylsilane (2,16 g ; 16.9 mmol), and borontrlfluoride etherate (0.76 mL ; 6,2 mmol) using the c»n- 
ditions described in Example 1A, Step 3. The crude product was purified by crystallization from 10 :1 hexane- 
ether (0.99 g ; 90% yield). 

HPLC (Vydac Cie reverse phase column, 12cm ; gradient from 96% H2O (0.1% TFA) ; 5% CH3CN (0.1% 
5 TFA) to 100% CH3CN (0.1% TFA) over 16 min ; 2.0 ml/min) RT=5.29 mln. 

'H NMR (300 MHz, CDCI3) 6 = 1 .48 (M, 1 H), 1 .79 (s, 3H), 2.08 (M, 1 H), 2.3-2.5 (M, 4H). 3.41 (dd, 1H). 3.79 
(d, 1H), 3.82 (M, 1H), 3.98 (dd, 1H). 4.17 (td, 1H), 4.75 (M. 1H), 4.80 (M, 1H). 

IR(CDCl3) 2960, 2860. 1680, 1460, 1440, 1425, 1385, 1365. 1310. 1265, 1110, cm-^ 

10 C. Preparation of 5(S)-(2-Methylpropyl)-7-Oxa-9(S)-lndollzidin-3-One 

The tifle compound is prepared catalytic hydrogenatlon of 5(S)-(2-mothylallyl'7-oxa-9(S)-lndo«zIdIn-3-one 
using 10% Pd on carbon In EtOAc. The catalyst Is removed by filtration, the filtrate solvent Is removed under 
reduced pressure, and the residue Is purified by chromatography on silica gel to gh/e 5(S)-(1-methyl-ethyl)-7- 
IS oxa-9(S)-indolizidin-3-one. 

P. Preparaflon of 5(S)-Cyclopentyl-7>Oxa-9(S)-lndollzidln-3-One 

5(S)-Acetoxy-7-oxa-9(S)-lndoIlzldln-3-one (785 mg ; 3.94 mmol) was treated with 3-trlmethyl silylcyclopen- 
20 tene (1 .65 g ; 1 1 .8 mnK)l) and borontrlfluoride etherate (0.53 mL ; 4.3 mmol) using the procedure described In 
Example 1 A. Step 3. The product was purified by flash column chromatography (silica gel, gradient elution using 
5% to 25% ether/CH2Cl2). 

Partial 'H NMR (300 MHz, CDCI3) major Isomer : 8 = 5.62, 5.82 ; minor Isomer : 6 = 5.51 , 5.75 
The mixture of isomere was hydrogenated using 1 0% Pd on carbon (0.10 g) in EtOAc solution (10 mL) under 
25 1 atnwsphere of H2 for 6 hours. The catalyst was removed by filtration, the filtrate solvent was removed under 
reduced pressure, and the residue was purified by passage through a short column of silica gel (10% ether In 
CH2CI2) to give the title compound as a coloiless oil (708 mg ; 66% yield over two steps). 

HPLC (Vydac Cia reverse phase column, 12cm ; gradient from 95% H^O (0.1% TFA) : 5% CH3CN (0.1% 
TFA) to 100% CH3CN (0.1% TFA) over 15 min ; 2.0 ml/min) RT=6.08 mln. 
30 'H NMR (300 MHz. CDCI3) 6 * 1.1-1.8 (m, 9H). 2.07 (m, 1H), 2.25-2.50 (m, 3H), 2.99 (t, 1H). 3.85 (dd, 1H). 

3.66 (dd, 1H). 3.79 (d, 1H), 3.80 (m, 1H). 3.91 (dd, 1H). 

IR{CDCl3) 2950. 2860, 1670, 1450. 1430. 1415. 1375, 1355, 1300, 1255, 1105 omr\ 

E. Preparation of S(S)-Propyl-7-Oxa-9(S)*lndolizldin-3-One 
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The title compound Is prepared catalytic hydrogenatlon of 5(S)-allyl-7-oxa-9(S)-lndollzldin-3'One using 
1 0% Pd on carbon In EtOAc. The catalyst is removed by filtration, the filtrate solvent is removed under reduced 
pressure, and the residue is purified by chromatography on silica gel to give 5(S)-propyl-7-oxa-9(S)-indolizi- 
din-3-one. 

40 

F. Preparation of 7-Oxa-9(S)-lndolizidin-3-One 

The title compound Is prepared fonn 5(S)-acetoxy-7-oxa-9(S)-indo!izidin-3-one, triethytsllane, and boron- 
trlfluoride etherate using the conditions described in Example 1A, Step 3. 

45 

G. Preparation of 5(S)-Vinyl>7-Qxa-9(S>'lndoilzldin-3-One 

The title compound Is prepared from 5(S)-acetoxy-7-oxa-9(S)-indollzldin-3-one, trimethylvlnylsilane. and 
borontrlfluoride etherate using the conditions described In Example 1 A, Step 3. 

so 

H. Preparation of 5(S>>Ethyl-7-Oxa-9(S)-lndolizidtn-3-One 

The title compound is prepared catalytic hydrogenatlon of 5(S)-vinyl-7-oxa-9(S)-lndo1izldln-3-one using 
1 0% Pd on carbon in EtOAc. The catalyst is removed by filtration, the filtrate solvent is removed under reduced 
55 pressure, and the residue Is purified by chromatography on sHIca gel to give 5(S)-ethyl-7-oxa-9(S)-lndolteidln- 
3-one. 

I Preparation of 5(R)-(2-Thteno)-7-Oxa-9(S)-lndollzkiln-3-One 
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The title compound is prepared from 5(S)-acetoxy-7-oxa-d(S)-indolizidin-3-one, 2-thieno trimethylsDane, 
and borontrffltiorfde etherate using the conditions described in Exampie 1A, Step 3. 

J, Preparation of 5(RH2-Furyi>-7-Oxa"9(S)-indoli2idln»3-One 

The title compound Is prepared from 5(S)-aceto)^-7-oxa-9(S}-lndolfcddin-3-one, 2-furyl trimethylsiiane, and 
l>orontrlfluoride etherate using the conditions described in Exampie 1A, Step 3. 

K. Preparation of 5(S)-Phenyl-7-Oxa-9(S)-lndolizidin-3-One 

The title compound is prepared from 5(S}-acetoxy-7-oxa-9(S)-indolizidin-3-one, phenyl trimethylsiiane, and 
borontrifluoride etherate using the conditions described In Example 1A, Step 3. 

L. Preparation of 5(S)'Cyano-7«Oxa-9(S)>indolizfdin-3'One 

The title compound is prepared from 5(S)-acetoxy-7-oxa-9(S)-indollzidin*-3-one, cyano trimethyisilane, and 
Iwrontrlfluorlde etherate using the conditions described in Example 1A, Step 3. 

N. Preparation of 5(R)-Methoxycarbonyl-7'Oxa-9(S)-indolizidin-3-One 

The title compound Is prepared by ozonolysis of a solution of 5(S)-v[nyl-7-oxa-9(S)-indollzidin-3-one In 
methanol/dichloromethane at -78''C, followed by a work-up utilizing hydrogen peroxide and esterification by 
treatment with diazomethane. 

P, Preparation of 5(SH2-Hydroxyethyl)-7-Oxa-9(S)-indollzidln-3-One 

The title compound Is prepared by ozonolysis of a solution of 5(S)-allyl-7-oxa-9(S}-indollzidin-3-one In 
methanol/dichloromethane at -78''C, followed by a reductive work-up utilizing sodium borohydride in methanol. 

Q. Preparation of 5(SH2-(2-Propyiamlnocarbamoyl)-hydroxyethyil-7-Oxa-9(SHndolizidln«3-One 

The title compound is prepared by reaction of 5(SH2-hydroxyethyi)-7-oxa-9(S)-indolizidin-3-one with iso- 
propyl iso^anate in the presence of triethytamine. 

R. Preparation of 5(R)-Carboxamlde-7-Oxa-9(SHndolizidin-3-One 

The title compound is prepared from 5(S)-cyano-7-oxa-9(S)-indolizidin-3-one by hydrolysis with an alkaline 
solution of hydrogen peroxide. 

S. Preparation of 5(SH2-N.N-Dlethylaminoethyi)-7-Oxa-9(SHndolizidin-3-One 

The title compound is prepared by ozonolysis of a solution of 5(S)-aliyi-7-oxa-9(S)->indoiizidin-3-one in 
methand/dichloromethane at -78''C, followed by a reductive work-up with dimethylsulfide, to give the aldehyde 
derivative, which is reductively aminated using diethylamine hydrochloride and NaBH4 to give 5(SH2- 
dlethylaminoethyl)-7-oxa-9(S)-indoiizidin-3-ona. 

T. Preparation of 9-Methyl-7-Oxa-lndolizldin-3-One 

Condensation of methyl-2-nitroproplonate with methyl acrylate in the presence of triethytamine gives 
dimethyl 2-methyl-2-nitroglutarate. Reduction with Raney nickel under an atmosphere of hydrogen gives a 5- 
methyl-5-methoxycarbonyl-2-pyrrolidinone. Alkylatlon of the amide nitrogen is accomplished by b-eatment with 
one equivalent of sodium hydride followed by addition of allyl bromide. The resultant product is then reacted 
with two equlvaienis of diisobutylafuminum hydride to give 1-ailyf-5-hydroxymethyl-5-methyl-2-pyrroiidinone. 
This is then reacted with ozone employing a reductive workup utilizing sodium borohydride. The resultant dioi 
is then reacted with tosyl chloride followed by sodium hydride to give 9-methyl-7-oxa-indolizidln-3- one 

U. Preparation of 9-Ethyi-7-Oxa'>lndolizidin-3-One 
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The title compound is prepared from metliyl-2-nitrobutyrate utilizing tiie mettiodology described in Example 

IT. 

V. PfBparaBon of 6-Ai!yi-7-Oxa-9(SHndolizidln-3-Qne 

8tep 1 : 6-Acetoxy-7-Oxa-&(S)>lndolizidin-3-One 

The title compound is prepared from 1-allyl-5(S)-hydroxymethyl-2-pyrroiidinone utiizing the procedures of 
Example 1A, Step 2. 

Step 2 : 6-Ailyl-7-Oxa-9(S>-indolizidin-3>One 

The title compound is prepared from 6(S)-acetoxy-7-oxa-9(S)-indolizldin-3-one, allyitrimethylsilane, and 
borontrifluoride etherate using the conditions described In Example 1A, Step 3. 

W. Preparation of 6-Phenyl-7-Oxa'9(S)-lndoli2ldin"3-One 

The tide compound is prepared from 6(S)-acetoxy-7-oxa-9(S)-indolizldin-*3-one, phenyltrimethylsilane, and 
borontrifluoride etherate using the conditions described in Example 1A, Step 3. 

X. Preparation of 6-Vinyi-7-Qxa-9(S)-lndolizidln-3-One 

The title compound is prepared from 6(S)-acetoxy*7'Oxa-9(S)-lndolizidin-3-one, vlnyltrlmethylsilane. and 
borontrifluoride etherate using the conditions described in Example 1 A, Step 3. 

Y. Preparation of 6-Carboxy-7-Oxa-9(S)-lndoii2ldin-3-One 

The title compound is prepared by ozonolysis of a solution of 6(S)-vinyi*7-oxa-9(S)-indolizidin-3-one in 
methanol/dichloromethane at -78''C. followed by a woric-up utilizing hydrogen peroxide. 

Z> Preparation of 6-K1-methylplperidin-3-yl)aminocarbonyll-7-Oxa-9(SHndollzidin-3-One 

thi9 title compound is prepared by coupling 6-carboxy-7-oxa-9(S)-indolizidin-3-one with 3-amino-1-methyl- 
piperidlne using BOP In DMF with the solution being kept at pH 3 by addition of DIPEA 

AA. Preparation of 6-(N,N-Diethyiaminomethyl)-7"Oxa-9(S)-lndoifeidin«3-One 

Ozonolysis of 6(S)-allyl-7-oxa-9(SHndollzldin-3-one with a neutral wortcup employing dimethyl sulfide 
gives the conresponding aldehyde. The title compound is obtained by reductive aminatlon of the aldehyde using 
diethyiamine hydrochloride and NaCNBHa. 

BB> Preparation of 6-Allyi-9-Methyt-7-Oxa-lndoiizidin-3-One 

The title compound is prepared by first reacting 1-allyl-5-hydroxymethyl-5-methyt-2-pyn'olidinone with 
ozone employing a neutral wortcup with dimethyl sulfide to give 6-hydroxy-9-methyi-7-oxa-indolizidin-3-one. As 
descrit>ed in Example 1A, Step 3. the alcohol is acetylated with acetic anhydride in the presence of a pyridine 
base, converted to an acyl Imminium species under the Influence of k>oron trifluoride etherate and trapped jn 
sjbj with aliyltrimethyisilane to give the desired product, 5-aliyl-9-methyl-7-oxa-lndolizldln-3-one 

CO. Preparation of 5(S)-Allyl-6-Methyi-7>Oxa-indolizidin-3>One 

Step 1 : Preparation of 5(SM1-(Methoxycarfaonyl)-ethoxymethyll-2-PyiTolidinone 

Alkylation of 5(S)-hydroxymethyl-2-pyrrolidinone is accomplished by deprotonation using a base such as 
sodium hydridOt potassium hydride or butyl lithium, followed by the addition of methyl 2-bromopropionate to 
give the title compound. 

Step 2 : Preparation of S(S>-Acetoxy-6(S)-Methyl-7"Oxa-lndoilzidln-3-One 
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Reduction of the ester group in S(S)-[1-(methoxycarbonyl)ethoxymethyi}-2-pynrolldinone with diisop- 
ropyfaluminum hydride gives the aldehyde which cydizes In sjhj to gh^e 5>hydroxy-6-methyf-7-oxa-9(S)''mdoll- 
zldln-3-one. Reaction of the alcohol with acetic anhydride in the presence of a pyridine base gives 
5(8)-acetoxy-6-methyl-7-oxa-9(S)-indo!lzidin-3-one. 

Step 3 : Preparation of S(S)"AI!yl-6-Methyl-7-Oxa-9(S)-!ndoil2ldln-3-One 

5(S)-Acetoxy-6-methyl-7-oxa-9(S)-Indolizidin-3-one is reacted with allyltrimethylsilane In the presence of 
borontrifluoride etherate using the conditions described In Example 1A, Step 3 to give 5(S)-ailyl-6)-niethyl-7- 
oxa-9(S)-lndollzldln-3-one. 

DD> Praparatfon of 8-Methyi-7«Oxa-9(S)-lndollzldin-3-Qne 

Step 1 : Preparation of 1-Aiiyl-5(S)-(1-Hydroxyethyi)-2"Pynrolidinone 

Oxidation of 1-allyl-5(S)-hydroxymethyl-2-pyrrolidinone to the corresponding aldehyde is accomplished 
with pyrldinlum chlorochromate. Addition of the Grignard reagent derived from methyl bromide foilowed by 
aqueous woric-up gives 1-allyl-5(S)-(1-hydroxyethyl>-2-pyrroiidinone. 

Step 2 : Preparation of 1-(2-hydroxyethyl)-5(S)'(1-Hydroxethyl)-2-Pyrrolidlnon9 

Ozonolysis of 1-ailyl-5(S}-(1-hydroxyethyi)-2-pyrrolidinone employing a basic wortoip with sodium 
borohydride gives the desired diol, 1-(2-hydroxyethyl)-5(SH1-hydroxyethyI)-2-pyrrolidlnone. 

Step 3 : Preparation of 8(S)-Methy!-7-Oxa-9(S)-lndoiizldin-3-One 

Treatment of the diol with tosyi chloride and then a suitable base, e.g., sodium hydride In THF, results In 
cydlzation to the desired product, 8-methyi-7-oxa-9(S}-lndolizidln-3-one. 

EE, Preparation of 5(S)>Allyl^-Methyt-7-Oxa>9(S)4ndolizldin-3-One 

Step 1 ; Preparation of 5(SH1-Hydroxyethyl)-2-PynP0lidinone 

Oxidation of 5(S)-hydroxymethyl-2-pynnolidinone to the corresponding aldehyde with pyridinium chloroc- 
hromate followed by the addition of the Grignard reagent derived from methyl bromide gives 5(S)-(1-byd- 
roxyethyl)-2-pynrolidinone. 

Step 2 : Preparation of 5(S)-Acetoxy-6(S)-Methyl-7-Oxa-9(S)-lndolizidin-3-One 

5(S)-(1-Hydroxyethy1)-2-pyrrolidinone is all^ated by treatment with a suitable base, e.g.. sodium hydride 
in THF, foilowed by addition of ally! bromide. Ozonolysis of 5(SH1-allyloxyethyl)-2-pyrroiidinone with a neutral 
workup employing dimethytsulfide followed by acetylation with acetic anhydride and a pyridine base gives 5(S)- 
acetoxy-8-methyl-7-oxa-9(S)-indolizidin-3-one. 

Step 3 : Preparation of S(S>-Allyl-&-Methyl>7-Oxa-9(S)-lndolizidin-3-One 

5(S)-Acetoxy-8-methyl-7-oxa-9(S)-indolizidin-3-one is reacted with allyltrimethylsilane In the presence of 
borontrifluoride etherate using the conditions described in Example 1A, Step 3 to give 5(S)-allyl-8-methyi-7- 
oxa-9(S)-indolizidin-3-one. 

FF, Preparation of 5(S)-Propyl-7-HydrDxy-9(SHndolizidin-3-One 

The title compound Is prepared from 4(S)-amino-1-heptene using the procedure of Hart, et a1., J. Am. 
Chem. Soc., 1980, 102. 397. Accordingly, 4(S)-amino-1-heptene (obtained from L-norvallne) is acylated by 
heating neat with succinic anhydride to give the succinimide derivative, which Is reduced with NaBH4 in 
methanol to the hydroxy-succinlmide. Treatment with fbmnlc acid effects cydlzation to give 5(S)-propyl*7-for- 
myloxy-9(S)-indorizidin-3-one, hydrolysis of which with (NaaCOa in MeOH) gives 5(S)-propy!-7-hydrQxy-9(S)- 
lndolizidin-3-one. 
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GG. Preparation of 5(S)-Propyl-6,7->DehydrD>9(S)-lndollzldtn-3-One and 
5(S)-Propyl-7.8-Dehydro*9(S)~lndo!i2ldin-3-One 

5(S)-Propyl-7-methanesuIfonyl-9(S)-indollzidin-3-one is prepared by treatment of 5(S)-piopyl-7-hydroxy- 
5 9(S)-indolizidirv3-one with methanesulfonyl chloride in the presence of pyridine. The sulfonyl ester is eliminated 
under basic conditions to give the corresponding dehydro-derivatives, 5(S)-propyl-e,7-dehydfO-9(S)-lndollzl- 
din-3-one and 5(S)-propyl-7,8-dehydro-9(S)-indolizidin-3-one. 

HH. Preparation of 5(S)-Propyl-6-Oxa-8(SHPyrronzldlne)-3-One 

10 

Condensation of 5(S)-hydroxymethyl-2-pynro!idinone with bulyraldehyde by heating with toluenesulfonic 
acid in benzene with azeotropic remocal of water gives the desired 5(S)-propyl-6-oxa-8(8Hpyrrollzidine)-3-one 
as described by Thottathil, et. a[., J. Om> Chem., 1986. 51, 3140. 

18 EXAMPLE 2 

Synthesis of Boc-<ACHPHactam8 

A. Preparation of 

20 5(S)-Allyl-2(SH2(SHert-Buty1oxyHsarbonylamino-3-Cyclohexyl-1(S)-HydiDxyprop^^ 
One 

To a 0*>C solution of diisopropylamine (2.8 mL ; 20 mmol) In dry THF (40 mL) under an atmosphere of nit- 
rogen was added n-butyliithium (11 .4 mL of a 1.6 molar solution In hexanes ; 18.2 mmol). After being stirred 

25 for 10 min, the solution was cooled to -78'C and to It was added a solution of 5(S)-aiiyl-7-oxa-9(S)-lndolizldin- 
3-one (2.75 g ; 1 5.2 nrunol) In dry THF (5 mL) over a period of 1 0 min. The resulting solution was stirred at -78*'C 
for 2.5 houre, at which time a -78**C solution of Boc-L-cydohexylalanlnal (4.26 g ; 1 6.7 mmol ; prepared by the 
method of Boger, et al„ J. Med. Chem. (1985), 28, 1779) In dry THF (1 0 mL) was rapidly added vte cannula. 
The reaction mixture was quenched after 3 min by the addition of aqueous ammonium chloride (25 mL). Ether 

30 (75 mL) was added and the organic phase was washed witti 5% aqueous HQ (50 mL). water (50 mL), and 
saturated aqueous NaHCOa (100 mL). The organic layer was dried (MgS04), filtered, and the solvents were 
removed under reduced pressure. The four diastereomeric aldoi products were separated by flash 
chromatography over silica gel using a gradient elution of 10% to 50% ether/CH2Cl2. The titie compound was 
obtained as a colorless oil (1.32 g ; (20%). 

3$ HPLC (Vydac Cie reverse phase column. 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CH3CN (0.1% 

TFA) to 100% CH3CN (0.1% TFA) over 15 min ; 2.0 ml/min) RT=9.95 min. 

Partial 'H NIVIR (300 MHz, CD3OD) 8 = 1 .43 (S. 9H). 2.46 (M. 2H), 2.63 (M, 1H), 3.08 (t. 1H), 3.40 (dd. 1H), 
3.71 (M, 1H), 3.79 (d, 1H), 3.8-4.0 (M. 3H), 4.00 (dd. 1H), 5.05 (dm. 1H). 5.12 (dm, 1H), 5.79 (dddd. 1H). 
The following compounds were obtained using the procedure given for the preparation of 5(S)-allyI-2(S)- 

40 [2(S)-tert-butyloxycarbonylamino-3-cyciohexyl-1(S)-hydroxypropyI]-7-oxo-9(S)-indolizldln-3-one. at>ove, and 
exhibited NMR spectra which support the assigned structure : 

B. 2(S)-Boc-(ACHP)-5(S)-Methallyl-7-Oxa-9(S)-lndolizidln-3>One 

45 HPLC (Vydac Cie reverse phase column, 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CH3CN (0.1% 

TFA) to 100% CH3CN (0.1% TFA) over 15 min ; 2.0 ml/min) RT=10.21 min. 

Partial 'H NMR (300 MHz, CDaOD) 5 = 1 .43 (s, 9H). 1 .78 (s. 3H), 2.42 (m, 2H), 2.62 (ddd, 1H), 3.08 (t. 1H), 
3.40 (dd, 1H) 3.77 (d, 1H), 3.80-3.95 (m. 4H), 4.12 (dl, 1H), 4.76 (m, 1H), 4.80 (m, 1H). 

CO C. 2(S)-Boc-(ACHP)-5(SH2-Methylpropyl)-7-Oxa-9(S)-lndolizidin-3-One 

D. 2(8)-Boo-(ACHP)-5(S)>Cydopentyl-7-Oxa-9(S)-lndollzidln-a-One 

HPLC (Vydac Cie reverse phase column. 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CH3CN (0.1% 
55 TFA) to 100% CH3CN (0.1% TFA) over 15 min ; 2.0 ml/min) RT=10.50 min. 

Partial 'H NMR (300 MHz, CD3OD) 8 = 1 .42 (s, 9H). 2.63 (m, 1 H), 3.06 (t. 1 H), 3.39 (dd. 1 H). 3.62 (dd, 1H). 
3.69 (M, 1H), 3.88 (d, 1H), 3.8-4.0 (m, 3H). 
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E, 2(S)-Bo<><ACHPV5(S)-Propyl-7-Oxa-9(S)-lndonzidln-3>One 

The following are obtained using the procedure given In Example 2A, except Examples 2P, 2Q, 2Z, and 
2FF, which require one additional equivalent of LDA and Example 2R. which requires two additional equivalents 
ofLDA: 

F, 2(S)-Boo-(ACHP)-7-Oxa-9(S)-lndoli2idln-3-One 

G, 2(S)-Boc-(ACHP)-5(S)-Vlnyl-7-Oxa>9(S)-lndolizldln-3-One 

H, 2(S)-Boc-(ACHP)-5(S)>Ethyl-7-Oxa-9(SMndol!zldin>3>One 

I, 2(S)-Boo-(ACHP)-5(SH2-Thleno)>7-Oxa-9(SHndollzldln-3^ne 
J. 2(S>Boc>(ACHP)-5(SH2-Furyl)-7-Oxa-9(SHndollzldln-3-One 
K. 2(S)-Boc-(ACHP)-S(S)-Phenyl-7-Oxa-9(SHndolizldin-30ne 
L 2(S)-Boo^ACHP)-5(S)-Cyano-7-Oxa-9(SMndolizldln-3-One 
N. 2(S)-Boo-(ACHP>-5(R)-Carbomethoxy>7-Oxa-9(S)-lndQlteidin-3-One 
P, 2(S)-Boc-(ACHP)-5CSM2-Hydroxyethyl)>7>Oxa-9(S>.tndoll2idln-3-One 

Q. 2(S)-Boc-(ACHP)-5(S)-[2-(2-Propylamino-carbamoyi)hydroxyethyl]>7-Oxa-9(S)-lndonzIdin^^ 

R, 2(S)-Boo-(ACHP)-5(R)-Carboxamlde-7«Oxa-9(S)-lndolizidin"3-One 

S, 2(S)-Boo-<ACHP)-5(SH2-Plethylaminoethyl)>7-Oxa-9(S)-lndolizidln-3-One 

T. 2«Boo->(ACHP)-9-Methyl-7-Oxa-lndolizidin-3-One 

U. 2-Boc-(ACHP)-»Ethyi-7-Oxa>lndollzldln>3-One 

V, 6-Allyl-2(S)-Boc-(ACHP)-7-Oxa-9(S)-lndolizldln-3-One 

W, 2(S)-'Boo-(ACHP)-6-Phenyl-7»Oxa-9(SHndolizldin-3-One 

X. 2(S)>Boc-(ACHP)-6-Vinyl-7-Oxa-9(SHndollzidin-3>One 

Y, 2(S)>Boc-<ACHP)>6>Carboxy-7>Oxa-9(S)>lndolizidin>3-One 

Z. 2(S)-Boo-(ACHP>64(1-Methylplperfdfn-3-yl)-Aminocarbony^7-Oxa>9(SV 

AA. 2(S)-Boo-(ACHP)-6-(N,N-Plethylaminomethyl)-7-Oxa-9(S)-lndolizldln-3-One 

BB. S-Allyl-2-Boo(ACHP)-9>Methyl-7-Oxa-lndolizidin-3-Qne 

CC. S(S)-AByl-2{S)-Boc>(ACHP)-6-Methyl-7-Oxa-9(S)-lndolizldin-3>One 

DD. 2(S)-Boo-(ACHP)-8-Methyl-7>Oxa-9(SHndoiizidln-3-One 

EE, 5(S)-Allyl-2(S>Boo^ACHP)-8-Methyl-7-Oxa-9(SHndollzldin-3>One 

FF, 2(S)-Boc-(ACHP)-5(S)-Propyl-7-Hydroxy>9(S)-lndolkidin-3-One 

GG. 2(S)-Boc.>(ACHP)-5(S)-Propyt-6,7-Dehydro-9(S)-lndoilzldin-3-One and 
2(S)-Boc-<ACHP)-S(S)>PrDpyl-7,&-Dehydro>9(SHndotfaddin>3*One 
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HH, 2(S)>Bo<>(ACHP>S(SVPropyl>6-Oxa-8(S)-(PyriDlizldine>-3-One 

The following compounds are obtained by appropriate modification of the bicydic lactam substituent(s) fol- 
lowing coupling to 2(S)-Boc-(ACHP). 

II, Preparation of 2(S>-Boc-(ACHP>-5(S)-Propyl-9(SHndolfzidin-3.7-Dlone 

The tifie compound is prepared by oxidation of 2{S)-Boo-(ACHP)-5{S)-propyl-7-hydroxy-9(S)-indoll2idln- 
3-one using pyridinlum chlorochromate or Swem conditions. 

KK. Preparation of 2(S)-Boc-(ACHP)-5(S)-Propyl-7-Methylene-9(S)>indo»zldin-3>One 

The tWe compound is obtained by reaction of 2(S)-Boo-(ACHP)-5(S)-propy!-9(SHndolizldin-3,7-dione with 
at least 3 equivalents of the Wittig reagent prepared by treatment of methyltriphenyl-phosphonlum bromide with 
n-butyl lithium. 

LL Preparation of 2(S)-Boo-(ACHP)-7-Methyl-5(S)-Propyi-9(SHndoiizidln-3-One 

The title compound is prepared catalytic hydrogenation of 2(S)-Boo-(ACHP)-5(S)-propyt-7-methylene- 
9(S)-indolizid!n-3-one using 1 0% Pd on carbon in EtOAc. The catalyst is removed by filtration, the filtrate solvent 
removed under reduced pressure, and the residue is purified by chromatography on silica gel to give 2(8)- 
Boc-(ACHP)-7-methyl-5(S)-propyl-9(S)-lndoilzidin-3-one. 

MM. Preparation of 2(S)-Boc-(ACHP)-7-(N.N-Diethyl-amlno)-5(S)-Propyi-9(S)-lndoilzldIn-3-One 

The title compound is obtained by reductive amination of 2(S)-Boo-(ACHP)-5(S)-propyl-9(S)-indolizidin- 
3,7-dione using diethylamine hydrochloride and NaCNBHa. 

NN. Preparation of 2(S)-Boc-(ACHP)-7-(2-Amlnoethyl)-amino-5(S)-PrDpyl-9(S)-lndolizidin-3-One 

The titie compound is obtained by reductive amination of 2(S)-Boc-(ACHP)-5(S)-propyl-9(S)-indoiizidin- 
3,7-dione using ethylenediamine dihydrochloride and NaCNBHa. 

OO, Preparation of 2(S)-Boc-(ACHP)-5(S)-Propyi-7-Mettioxy-9(SHndoigidin^-One 

The titie compound Is prepared from 2(S)-Boo-(ACHP)-5(S)-propyl-7-hydroxy-9(S)-indoHzldln-3-one by 
deprotonatbn with one equivalent of NaH followed by addition of methyl iodide. 

PP. Preparation of 2(S)-Boc-(ACHP)-5(S)-Propyl-7-Epoxymethyl-9(S)-fndolizidin-3-One 

The tide compound Is prepared by the reaction of 2(S)-Boc-<ACHP)-5(S)-propyl-9(S)-indollzldin-3,7-dione 
wltii dimethylsulfonlum methylide (prepared in DMSO/THF according to the procedure of Corey and Chan- 
kovsky. J, Am. Chem, Soc. 1965. 87, 1353), or by epoxidation of 2(S)-Boc-(ACHP>-5(S)-propyl-7-meUiylene- 
9(S)-indolizidin-3-one with MCPBA. 

QQ. Preparation of 2(S)-Boc-(ACHP)-5(S)-Propyl-7-(N-Etiiylamino)methyl-7-Hydroxy-9(S>-lndoii2idin-3-One 
and2(S)-Boo-(ACHP)-5(S)-Propyl-7-(N-Ethylamino)-7-Hydroxymetiiyl-9(S)-lndolb:idin-^One 

The titie compounds are prepared by the reaction of 2(S)-Boc-(ACHP)-5(S)-propyl-7-epoxymethyi-9(S)- 
indolizidin-3-one with ethylamine hydrochloride. 

RR. Preparation of 2(S)-Boc-(ACHP)-5(S)-Carboxymethyl-7-Oxa-9(S)-indolizidin-3-One 

Ozonolysis of 5(S)-aliyl-2(S)-[2(S)-tert-butyioxycarbonylamlno-3-cyclohexyl-1 (S)-hydroxypropylh7-oxo- 
9(S)-indolizIdln-3-one employing an oxidative workup with hydrogen peroxide gives ttie titie compound. 

SS. Preparation of 2(S)-Boc-(ACHP)-5(S)-Acetoxyethyl-7-Oxa-9(S)->tndolizldin-3-One 
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Acylation of 2(S}-Boc-(ACHP)-5(S)-2-hydroxyethyl-7-oxa-9(S)-lndolizidin-3-one by treatment with acetic 
anhydride and pyridine gives the title compound. 

TT. Preparation of 

2(S)-Boc^ACHP)>S(S)-(N-Quinuclidin-3-yl)carboxamldoethyl-7-Oxa>9(S)>lndolizidin-3-One 

The title compound is prepared by the coupling of 2(S)<Boc-(ACHP)-5(S)-carboxym6thyl-7-oxa-9(S)-indoli- 
zidIn-3-one (obtained as described in Example 2 RR) with 3-amlnoqulnuclidine utilizing EDC in a DMF solution 
while maintaining pH 8 by the addition of DIPEA. 

UU. Preparation of 

2(S)>Boc-(ACHP)-5(SHN-Methyi-N-Ethyl)carboxamidomethyl-7-Oxa-9(S)>!ndolizidin-3-On 

The Utie compound is prepared by the coupling of 2(S)'*Boc-(ACHP)-5(S)-carboxyethyl-7-oxa-9(S)-indoli- 
zidin-3-one with methyiethylamine utilizing EDC in a DMF solutton while nnaintaining pH 8 by the addition of 
DIPEA. 

W. Preparation of 2(S)-Bo&<ACHP)-5(S)-(2-Amino-ethyl-7-Oxa->9(S)-lndollzldin-3-One 

The title compound Is prepared by ozonolysis of 5(S)-allyl-2(S)-[2(S)-tert-butyloxycarbonylamlno-3-^o- 
lohexyl-1(S)-hydroxypropyIl-7-oxo-9(SHndolizidin-3-one employing a reductive workup with dimethyl sulfide to 
give the aldehyde, followed by reductive amination with ammonia and NaCNBHa. 

WW. Preparation of 

2(S)«Boc-<ACHP)-5(S)-2'[(Quinudidln-3-yl)carbonyiamino]ethyl-7-Oxa-9(S)-lndollzldln-3-^ 

The title compound is prepared by coupling 2(S)-Boc-(ACHP)-5(SH2-aminoethyl)-7-oxa-9(S}-indolizidin- 
3-one with quinuclidlne-3-carboxylic add utilizing EDC in a DMF solution while maintaining pH 8 by the addition 
of DIPEA. 

The following was obtained using methodology as described : 
XX. 2(S>-BoMACHP>-6(S)-Methyl-9(S)-lndollzldin>3-one 

Step 1 : Preparation of 1-Aliyr-5(SHtert-Butyidimethy!sily!)oxymethyl-2-Pynrolidinone 

Protection of 1-aliyl-5(S}-hydroxymethyl-2-pynnolidinone as the TBDMS ether was effected by treatment 
with TBDMSCI and DMAP in CHzClz. 

Step 2 : Preparation of 1-AHyl-3(S)-Boc^(ACHP)-5(SHert-Buty!dlmethylsilyloxymethyl-2>Pyrrolldinone 

Aldol addition of 1-aily1-5(S)-tert-butyldlmethylsilyloxymethyl-2-pynt>lidinone to Na-Boc-L-cydohexylalani- 
nal was perfonmed utilizing the procedure of Example 2A. 

Step 3 : 2(S)>Boc-(ACHP)-6(S)-Methyi-9(SHndolizidin-3>One 

Removal of the sHyl ether from 1-allyl-3(S>Boo-(ACHP).5(SHert-butyldlmethyisilyloxymethyl-2-pyrrolidl- 
none by treatment with tetrabutyfammonium fluoride in water/tetrehydrofuran, followed by oxidation with mer- 
cury trifluoroacetate and reduction with NaBH4 In methanol gave 
2(S}-Boo-(ACHP}-8-methyl-9(S}-lndolizidin-3-one. 

EXAMPLES 

Amino acid coupling procedures and subsequent transfonmatlons 

A. Preparation of Boo-Phe-His-(ACHP>-5(S)-Allyl-7-Oxa-9(S)-lndilizldin-3-One-2(S)-yl (Mixed Anydride 
Methoddogy 

Step 1 : Boc-(DNP)His-(ACHP)-5(S>-Altyl-7-Oxa-9(S)-indolizidln-3^ne-2(S)-yl 
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To a solution of 5(S)-allyl-2(S)-[2(S)-tert-butyIoxycarbonylamIno-3-cydohexyl-1(S)-hydroxypr^^ 
9(S)-indolizldin-3-one (285 mg ; 0.654 mmol) in CH2CI2 (3 mL) was added TFA (3 mL). The sdution was stored 
under an atmosphere of nitrogen for 45 min at which time excess TFA and solvent were removed under reduced 
pressure. The oil so obtained was triturated in ether, giving a white solid which was collected by fStration, 

s washed with ether, and dried under reduced pressure. The TFA salt (277 ; 94% yield) was dissolved under 
an atmosphere of nitrogen in dry, degassed DI^F (3 mL) and stored while the activation of Boc(DNP)Hi8-OM 
was accomplished by In situ formation of a mixed anhydride as described below. To a suspension of 
Boc(DNP)Hi&-OH (440 mg ; 1 .05 mmol) in dry EtOAc (6 mL) under an atmosphere of nitrogen was added NMM 
(150 \xL ; 1.36 mmol), which caused dissolution of any remaining solid. The solution was cooled to -23^C and 

10 isobutylchloiofonnate (136 ^L : 1 .05 mmol) was added, and the resulting suspension was stirred at •23''C for 
20 minutes. At this time the DMF solution of the TFA salt was neuta^ized by the addition of NMM (93 fiL ; 850 
mmol) and the resulting solution was added vja cannula to the cold solution of the mixed anhydride. After being 
stirred for 1 hour at -23^C, the reaction mixture was wannned to O^'C and was stirred for 2 hours. The cooling 
bath was removed and stirring was continued for another 3 hours, at which time the reaction was quenched 

IS by the addition of water (1 0 mL). The mbcture was diluted witii EtOAc (50 mL) and was washed successively 
with 5% aqueous HCI (25 mL), water (10 mL), and saturated aqueous NaHCOs (25 mL). The organic layer was 
dried (MgS04), filtered, and concentrated under reduced pressure to give an orange solid which was flash 
chromatographed over silica gei using a gradient eiution of 3% to 5% MeOH/CHaCIa- The coupling product was 
obtained as a yellow solid (367 mg ; 76% yield). 

20 

Step 2 : Boc-Phe-(DNP)His-(ACHP)-5(S)-Ailyl-7-Oxa-9(SHndolizidin-3>One-2(S)-yl 

To a solution of the coupling product obtained from step 1 above (367 mg ; 497 mmol) in CH2CI2 (3 mL) 
was added TFA (3 mL) and tiie mixture was stored under an atmosphere of nitrogen for 45 min, at which time 

25 the soh^ent and excess TFA were removed under reduced pressure. The yellow oil was triturated In ettier and 
tiie solid which resulted was collected by filtration, washed with ether, and dried under reduced pressure. The 
orange*yellow TFA salt (344 mg ; 92% yield) was dissolved under an atmosphere of nitrogen In diy EtOAc (3 
mL) and stored while the activation of Boc-Phe-OiH was accomplished by jnsjtu fomnation of a mixed anhydride 
as described below. To a solution of Boo-Phe-OH (21 1 mg ; 0.795 mmol) in dry EtOAc (5 mL) under an atmos- 

30 phere of nitrogen was added NMM (114 ^L ; 1.03 mmoQ. The resulting solution was cooled to -23<^, when 
Isobutylchlorofonmate (103 ^L ; 0.795 mmol) was added, and the solution was stirred for 25 min. At this time, 
ttie solution of the TFA salt was neutreiized by the addition of NMM (42 ^L ; 382 mmol) and tiie resulting solution 
was added^vla cannula to the cold solution of tiie mixed anhydride. The resulting mbcture was stinred at -23''C 
for 1 hour, at 0**C for 2 houre, and then at ambient temperature for 3 hours. The reaction was quenched by the 

35 addition of water (10 mL) and was diluted witti EtOAc (50 mL). The organic phase was washed successively 
with 5% aqueous HCI (25 mL). water (20 mL), and saturated aqueous NaHCOa (25 mL), Uien dried (MgS04), 
and filtered. Removal of the solvent under reduced pressure gave an orange solid which was flash 
chromatographed over silica gel using a gradient eiution of 4% to 7% MeOH/CH2Cl2. The coupling product was 
obtained as a yellow solid (390 mg ; 88% yield). 

40 

Step 3 : Boc>Phe-Hls-<ACHP)>5(S)-Aliyl«7-Oxa-9(S)-lndolizidln-3-One-2(S)>yl 

To a solution of tiie coupling product obtained from step 2 above (390 mg ; 0.437 mmol) in CH2CI2 (2 mL) 
was added tiiiophenol (2 mL) and NMM (20 nL ; 0.18 mmol). The mixture was stin-ed at room temperature for 
45 4 hours, at which time the solvent and excess thiophenol were removed under reduced pressure (0.2 torr) at 
40''C. The residue was flash chromatographed over silica gel using a gradient eiution of 5% to 10% 
MeOH/CHzCia. The product was tyophilized from dioxane and triturated in 1 :1 ether-hexane to give tiie titie 
compound as an off-white powder (275 mg ; 88%). 

HPLC (Vydac Cis reverse phase column, 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CH3CN (0.1% 
so TFA) to 100% CH3CN (0.1% TFA) over 15 min ; 2.0 ml/min) RT=7.68 min. 

Partial 'H NMR (300 MHz, CD3OD) 6 = 1.35 (S. 9H), 1.47 (M, 1H), 2.25 (ddd, 1H), 2.4-2.5 (M, 2H), 2.58 
(M, 1H). 2.88 (dd, 1H), 3.0-3.2 (M, 3H), 3.39 (dd, 1H), 3.78 (d, 1H), 3.84 (dd. 1H), 3.85-4.0 (M, 3H), 4.03 (M, 
1H), 4.28 (dd, 1H) 4,63 (t, 1H), 5.04 (dm, 1H) 5.12 (dd, 1H), 5.80 (ddt, 1H). 6.91 (s, 1H), 7.2-7.3 (M, 5H). 7.58 
(d, 1H). 

SS Anal. Calcd. for C39H66Ne07*H20 : C, 63.39 ; H, 7.91 ; N. 1 1.37 ; Found : C, 63.70 ; H, 7.82 ; N, 11.42. 

Inhibition of human plasma renin was assayed using tiie in vitro metiiod descril}ed by Boger, et. a[., J. Med. 
Chem. (1985) 28, 1779. ICsa-1.3 nM. 
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B, Preparation of Bo<>Phe-Hls-(ACHP)-S(SH2-MethallyQ-7>Oxa-9(S)-lndollzldln-3-On 
Amino acid coupling was accomplished as described In Example 3A. 

HPLC (Vydac Cis reverse phase column, 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CHaCN (0.1% 
5 TFA) to 100% CH3CN (0.1% TFA) over 30 min ; 2.0 ml/min) RT=1 8.06 min. 

Partial 'H NMR (360 MHz, CDaOD) 1.35 (s. 9H), 1.47 (m, 1H). 1.77 (s, 3H), 2.25 (ddd, 1H), 2.38-2.48 (m, 
2H), 2.57 (m, 1H). 2.78 (dd, 1H), 2.97^.15 (m, 3H). 3,08 (t, 1H), 3.40 (dd. 1H), 3,78 (d, 1H), 3.85 (dd. 1H). 
3.90 (m, 1H), 3.95 (dd, 1H), 4.04 (m, 1H), 4.12 (dt, 1h). 4.28 (dd, 1H), 4.55 (t, 1H), 4.77 (bra, 1H), 4.80 (bra, 
1H), 6.92 (s, 1 H), 7.2-7.35 (m, 5H), 7.60 (d, 1H). 
10 Anal. Gated. For C4oH68N607«H20) : C, 63.81 ; H, 8.03 ; N, 11.16 ; Found : C, 63.94 ; H, 7.91 ; N, 11.09. 

ICbo = 0.97 nM. 

g Preparation of Boc>Phe>Hls-(ACHP)-5(S)-(2>Methylpropyl)-7-Oxa-9(S)-lndollzidin-3-One-2(S)-yl 

15 Amino acid coupling was accomplished as described in Example 3A. 

HPLC (Vydac Cis reverae phase column, 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CHaCN (0.1% 
TFA) to 100% CHaCN (0.1% TFA) over 30 min ; 2.0 ml/min) RT-18.50 min. 

Partial 'H NMR (360 MHz, CD3OD) 6 = 0.91 (d. 3H), 0.95 (d, 3H), 1.34 (s. 9H). 2.25 (ddd, 1H), 2.61 (m, 
1H), 2.78 (dd. 1H), 2.98-3.15 (m, 3H), 3.05 (t, 1H), 3.44 (dd, 1H), 3.69 (d, 1H). 3.82 (m, 1H), 3.87 (dd, 1H). 
20 3.92 (dd, IN), 4.03 (m, 2H)), 4.27 (dd. 1H), 4.53 (t. 1H), 6.92 (s, 1H). 7.15-7.20 (m, 5H), 7.58 (s, 1H). 

Anal. Calcd. For C4oH6oNe07«idlQxane«sH20 : C, 63.86 ; H, 8.29 ; N, 10.64 ; Found : C, 64.01 ; H, 7.87 : 
N, 10.88. 

ICeo = 2.0 nM. 

25 D. Preparation of Boc-Phe-Hls-(ACHP)'5(S)-Cyclopentyl-7-Oxa-9(S>-lndollzidin-3-One-2(S)-yl 
Amino acid coupling was accomplished as described In Example 3A. 

HPLC (Vydac Cia reverae phase column, 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CHaCN (0.1% 
TFA) to 100% CHaCN (0.1% TFA) over 30 min ; 2.0 ml/mln) RT=18.50 min. 
30 Partial 'H NMR (360 MHz, CDaOD) 5 = 2.27 (ddd, 1 H), 2.61 (M, 1H), 2.61 (m, 1H), 2.78 (dd. 1H), 2.95-3.15 

(m. 3H), 3.06 (t, 1H), 3.40 (dd, 1H), 3.63 (dd, 1H), 3.86 (d, 1H), 3.8-3.9 (m, 2H), 3.95 (dd, 1H), 4.04 (m, 1H). 
4.28 (dd, 1H), 4.54 (t, 1H), 6.94 (s, 1H). 7.2-7.3 (m, 5H), 7.59 (s. 1H). 

Anal. Calcd. For C4iHeoN607*H20 : C, 64.21 ; H, 8.15 ; N, 10.96 ; Found : C, 64.61 ; H. 8.13 ; N, 10.77. 

ICso^l-OnM. 

35 

E. Preparation of Boo-Phe-Hls-(ACHP)-5(S)-Propyl-7>Oxa-9(S)-lndollzldin-3-One-2(S)-yl 

Amino acid coupling was accomplished as described In Example 3A. 

HPLC (Vydac C^g reverae phase column, 12cm ; gradient from 95% H2O (0.1% TFA) : 5% CHaCN (0.1% 
40 TFA) to 100% CH3CN (0.1% TFA) over 15 min ; 2.0 ml/min) RT=7.75 min. 

Partial 'H NMR (300 MHz, CD3OD) 6 = 0.93 (t, 1H), 1.34 (s, 9H). 2.26 (M, 1H). 2.60 (M, 1H), 2.78 (dd, 1H), 
3.05 (t, 1H), 3.00-3.15 (M, 3H), 3.42 (dd, 1H), 3.73 (d, 1H), 3.80-3.95 (M, 2H), 3.87 (dd, 1H), 3.92 (dd, 1H), 
4.02 (M. 1H), 4.28 (dd. 1H), 4.53 (t 1H), 6.91 (s, 1H), 7.15-7.30 (m, 5H). 7.55 (d. 1H). 

Anal. Calcd. for CaaHfiaNeOT^HiO : C, 63.32 ; H, 8.16 ; N, 11.34 ; Found : C, 63.14 ; H, 8.14 ; N, 11.34. 
45 ICao'^I.OnM. 

XX. Preparatton of Boc-Phe-Hls-(ACHP)-6(S)-Methyi-9(S)-lndoilzidln-3-One-2(S)-yl 

Amino acid coupling was accomplished as described In Example 3A. ICgq « 6.8 nM. 
so The following peptides are obtained using the procedure given In Example 3A : 

F. Boc-Phe-His-(ACHP)-7-Oxa-9(S)-lndoiizidln-3-One-2(S)-yl 

G. Boc-Phe-Hb-(ACHP)-S(S)-Vlnyl-7-Oxa-9(S)-lndollzldin-3-One-2(S)-yl 

55 

H. Bo&-Phe-Hls-(ACHP)-S(S)-Ethyl-7-Oxa-9(S)-lndollzldln-3-One-2(S)-yi 

L Boo>Phe-His-(ACHP)-5(RH2-Thieno)-7-Oxa-9(S)-indollzldln-3-One-2(S)-yl 
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J, Boo>Phe-HMACHP)-5(RH2-FuiyO-7-Oxa-9(S)-inddlzldln-3-One-^^^ 
IC Boc-Phe-His-<ACHP)-5(S)-Phenyl-7->Oxa>9(S)-lndolbldln-343ne-^^^ 
5 L Boo-Phe-HMACHP)-5(S)>Cyano-7-Oxa-9(S)-lndolizid!n-3-One-2(S)-yl 

N. Boo-Phe-His-(ACHP)-S(S)-Carboxyethyl-7'Oxa«9(S)-lndoilzidln>3-One>^^^^ 
P, Bo<>Phe-HMACHP)-5(SH2-Hydroxyethyl)>7-Oxa-9(SHndoltzidin-3-^ 

io 

Q. Boc-Phe-HlsKACHP)-5(S)-[2'{2-Propy1amino-carbamoyt)hydroxyethyl]-7-Oxa-9(SHndd 
F^ Boc-Phe-HMACHP)-S(RH:arboxamlde-7>Oxa-9(SHndolizldln-3-On^^^ 

iB 

S. Boc-Phe-His-(ACHP)-5(SH2-DIethylamlno-ethyl)-7-Oxa-9(S)-Indolizfdin-3-One-2(^^^ 
T, Boo-Phe-His-(ACHP)-9-Methyl'>7-Oxa-lndolizldin-3-One-2(S)-yl 
20 U. Boc^Phe-His-(ACHP)-9>Ethyl>7-Oxa-lndollzidlii-3-One-2(S)-yl 
V. Boc>Phe>HMACHP)-e-Allyt-7-Oxa-9(SVIndollzldiiv3-One-2(Sl-yl 
W. Boc-Phe-Hfs-(ACHP)-6-Phenyl-7-Oxa-9(S)-lndolizidin>3-One>2(S)>yl 

25 

X, Boo-Phe-His-(ACHP)-6-Vinyl-7-Oxa-9(S)-lndoli2!din-3-One-2(S)>yi 
Y. Boo4>he-HMACHP)-6-Carfaoxy-7-Oxa-.9(S)-lndollz!din-3-One-2(S)-yl 
30 Z. Boc>Phe-Hi8-(ACHP)-6-r(1-Methylp1peridin-3>yl)aminocarbonyll-7-Oxa-9( 
AA> Boo-Phe-His-(ACHP)-6-(N,N-Diethylamlno-methyiK-Oxa-9(SHnd 
BB. Bo<>Phe-4ils-(ACHP>6-Allyt-9>Methyl-7-Oxa>!ndo[izldin-3-One^^^ 

35 

CC. Boo-Phe-Hls-(ACHPVS(SVAIIyl-6-Methyl-7-Oxa-lndollzldifv3-One-2(S)-^ 

DP. BooPhe-His-(ACHP>-8-Methyt-7-Oxa-9(SMndoHzidin>3-One-2(S)-yt 

40 EE. Boo-Phe-His-(ACHP>-5(S)-Allyt-8-MethyN7-Oxa-9(SHndollzidin-3-One-2(S) 

FF. Bo<>Phe>Hls-(ACHP)-5(S)>Propyl-7-Hydroxy-9(SHndolizidin-3-One-2(S)-y< 

GG. Boc>'Phe-His-(ACHP)-5(SVPropyl-6J-Dehydro-9(S)-1ndollzidln>3-One-2(S)-ytand 
45 Boo-Pha-HMACHP)-5(S)-Propyl-7>PehydrD-9(S)-lndoiizidin-3-Qne-2(S)-yl 

HH. Boo-Phe-Hls-(ACHP)-5(S)-Propyl-S<)xa-8(SHPyTO«zldine)-3-^ 

W. Boc-Phe-HMACHP)-5(S)-Propyl-9(S)>indoBzidln-3,7>Ptone-2(S)-yt 

so 

KK. Bo<>Phe-His-(ACHP)-5(S)-Propyl-7-Methylene>9(S)-lndolizidin-3-One-2(S)-yf 
LL. Boc-Phe-Hi8-(ACHP)-7-Methyh5(S)>Propyl-9(S)-Indolizidin-3-One-2(S)-yl 
55 MM. Bo<>Phe-HIMACHP)-7-(N,N-Piethylamino-5(S)-PfDpyl>9(S)-lndoli2ldin^ 

NN, Boo-Phe>HiMACHPV7-(2-Amlnoethyl)amlno-5(S)-Propyl-9(S)-lndollzidin-3^ 
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OO, Bo(>Phe>His-(ACHPV5(S)-Propyl-7-Methoxy-9(S)-lndolizidin-3-One--2(S)-yl 

QQ. Boc-Phe-Hls>(ACHP)>5(S>Propyi-7-(N-Ethylamino)methyl-7-Hydroxy-9(S)-lndol^ 

and Boc^Phe-H^s-(ACHP^5(S)-Propyi-7>(N^Ethylami^o)-7■Hydroxymethy1■9(S^indolizidin-a^^ 

RR. Boo>Phe-His-(ACHP)-5(S)-Carboxymethyt-7-Oxa>9(SHndolizidln>3-One-^ 

SS. Boo-Phe-HiMACHP)>5(S)-2-Acetoxyethy!>7-Oxa-9(SHndoll2idln-3-One^^^ 

TT. Boo4'he-Hi8-(ACHP)-5(SHN-Qulnudidtn-3-yl)^rboxamldoethyl-7-^^ 

UU, Bo<>Phe-His-(ACHP)-5(SV(N-Methy!-N-Ethyl)-carboxamidomethyt>7>Oxa-9(SVindo 

W. Boo-Phe-His-(ACHP)-S(SH2-Aminoethyl-7-Oxa-9(S)-indotl2idln-3->One-2(S)-^ 

WW. Boi>-Phe-HMACHP>5(S)-24(Quinudidin-3-yt)carbonylamlnolethyl-7-Oxa-^^^ 

JJ, Boc>Phe-Hls-(ACHP)>7-Hydroxyimlno-5(S)-Propyl-9(SHndolizidfn-3^ 

The title compound is prepared by reaction of Boc-Phe-His-(ACHP)-5(S)-propyl-9(S)-lndoltzidin-3,7-dlone- 
2(S)-y1 with hydroxylamine hydrochloride in the presence of pyridine. 

Other examples of lactam modification after the peptide segment has been attached are given by the fol- 
lowing examples. 

Ipoo-Phe-His- peptides are made using sequential coupling, using Ipoc-Phe instead of Boc-Phe, in the 
method according to Example 3A. 

^ ~CO-Phe-Hi 8- peptides are made by 

sequential coupling using mixed anhydride coupling according to Example 3A for the histidine group, and using 
mixed anhydride or DCC/HOBT coupling for the 



0 N-CO-Phe group. 



(CH3)2CH-S02-Phe-His-peptides are made by sequential coupling using mixed anhydride coupling accord- 
ing to Example 3A for the histidine group, and using mixed anhydride or DCC/HOBT coupling for the (CH3)2CH- 
S02-Phe group. 

(CH3)2CH-SCVCH2-CH(CH2Ph)-CO-His- peptides are made by sequential coupling using mixed anhydride 
coupling according to Example 3A for the histidine group and DCC/HOBT or DCC/HOSU coupling for the 
(CH3)2CH-S02-CH2-CH(CH2Ph)-CO- group. 

2-lndolyt-CO-His- peptides are made by sequential coupling using mixed anhydride coupling according to 
Example 3A for the histidine group, and DCC or EDC coupling of indole-2-carboxylic acid. 

These methods are applied to any of the 47 Boo-(ACHP)-bicyclic lactams described in Example 2. 

The following examples are illustrative of the methods for producing quaternary amnrwnium salts. Purifi- 
cation of these compounds is accomplished using preparative reverse phase HPLC, using acetonitrile/water 
containing 0.1% TFA as an eluent The final products are obtained as acetate salts by passage through an ion 
exchange column (Blo-Rad AG3-X4A resin, acetate foim). 

YY, Boo-Phe^H^s-^ACHP)-5(S)-l2^^Qulnudld^n^1■yD^ethyl^7>Oxa-g(SHndolizldh Acetate 

Boo-Phe-His-(ACHP)-5(S)-(2-hydroxyethyl)-7-oxa-9(S)-lndolizidln-3-one is brominated by treatment with 
Ph3P/CBr4 In THF solution to gh^e Boo-Phe-HIs-(ACHP)-5(S)-(2-bromoethyl)-7-oxa-9(S)-lndoli2idin-3-one. 
Reaction of the latter with quinuciidine in DMF solution gives the quaternary arrunonium bromide salt, which 
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with purification and ion exchange, as described above, gives the title compound. 

ZZ. Boc-Phe-His-<ACHP)-5(S)-(2<rriethylanriino)ethyl]-7-Qxa-^(SHndotizidin-3-One>^^ 

5 Boo-Phe-His.(ACHP)-6(SH2-dlethylamlnoethyl)-7-oxa-9(S)-indollzidin-3-one-2(S)-yl Is protected on the 

histidine side chain with (Boc)20 in DMf solution in the presence of DIPEA. Ethyl Iodide (1.1 equWalent) and 
Na2C03 are then added and the solution is warmed to SO'^C. 

When the reaction is complete by TLC, H2O and EtaN (5 equivalents each) are added to remove the Boc 
group, with purification and ion exchange, as described above, giving the title compound. 

10 

AAA. Ipoc-Phe-His-(ACHP)-5(S)-1>[N-Benzyl-(2-Dlethyi-Amlnoethyl)]-7-Oxa-9(S)-lndolizidin 

lpoo-Phe-Hls-(ACHP)-5(SH2-dlethylaminoethyl)-7-oxa-9(S)-indollzldin-3-One-2(S)-yl is protected on the 
histidine side chain with (600)20 in DMF solution in the presence of DIPEA. Benzyl bromide (1 equivalent) and 
18 Na2C03 are then added and the solution Is warmed to 50°C. 

When the reaction is complete by TLC, IH2O and EtsN (5 equivalents each) are added to remove the Boc 
group, with purification and ion exchange, as described above, gMng the tide compound. 

BBB. 

20 Boc-Phe-HlsKACHP)-6(S)-[(1.1-Dimethyipiperidinlum-3-vl)aminocarbonyn-7H>xa-9f^ 

Boc-Phe-Hls-(ACHP)-6^(1-methylplperidln-3-yl)aminocarbonyI]-7-oxa-9(S)-indolizkiln-3-one-^^ is 
protected on the histidine side chain with (Boc)20 in DMF solution In the presence of DIPEA. Methyl iodide (1 
25 equivalent) and Na2C03 are then added and the solution is warmed to SO^'C. 

When the reaction is complete by TLC, H2O and EtaN (5 equivalents each) are added to remove the Boc 
group, with purification and ion exchange, as described above, giving the tide compound. 

CCG. Boc^Phe-His-(ACHP)^7^(N-Methyl^N,N^DIethyl)-Amino^S^S)>Methyl>^^^ 

30 

Boc-Phe-Hls-(ACHP)-7-(N,N-di8thylamlno)-5(S)-methyi-9{S)-lndoIlzidin-3-one is protected on the his- 
tidine side chain with (Boc)20 in DMF solution in the presence of DIPEA. Ethyl iodide (1 equivalent) and Na2C03 
are then added and the solution Is warmed to SO^C. 

When the reaction is complete by TLC, H2O and EtaN (5 equivalents each) are added to remove the Boc 
35 group, with purification and ion exchange, as described above, giving the title compound. 

While the foregoing specification teaches the principles of the present invention, with examples provided 
for the purpose of illustration, it will be understood that the practice of the invention encompasses all of the 
casual variations, adaptations, modifications, deletions, or additions of procedures and protocols described 
herein, as come within the scope of the fbllowing claims and its equivalents. 

40 

Claims 

1. A peptide of the formula : 

45 



80 




wherein : 
85 A Is hydrogen ; 

Ci-Ce-allcyt ; 

aryl, where aryl is unsubstltuted or mono-, di- or trisubstituted phenyl, wherein the sub- 
stituent(8) is^are independently selected from the group consisting of Ct-C4-ali^, phenyl-C|- 
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C4-alkyi, amino, mono- or di-Ci-C4-alkylamlno, amlno-CrC4-aIkyl, hydroxy-Ci-C4-alkyl, 
nrano- ordi-CrC4- alkylamino-Ci-C4-alkyl, guanidyl, guanidyt-Cf-C4-alkyt, hydroxyl, 



Ci-C4-alkoxy. trif luoromethyl, halo, CHO, 
-CO2H, -CONH2. -C0-irj),-C0NH-Ci-C4- 
alkyl . -C0H(Ci.C4-alkyl)2 , -CO-Ci -CA-alkyl , 



-(CH2)m-*N(R«)2R« A- where is CrC4-a!kyl ; -(CH2)p-. wherein p Is 4-to-6 ; or -{CH2)rO-(CH2)2- ; R» is 
Ct-C4-a!kyl, hydroxy-Ci*C4-alkyl, carboxy-Ci-C4-alkyl, carbo-CrC4- alkoxy-Ci-C4-alkyI, 
or-CH2-phenyl ; 

A- Is a counterion selected from the group consisting of single negatively-charged tons, such as chloride, 
bromide, perchlorate, benzoate, benzene sulfonate, tartrate, maleate, hemitartate, and acetate ; 

and m is O-to-3; -C02-Ci-C4-alkyl , -CO7- 
Cl-C4-alkoxy.C2-C4^alkyl, -<CH2)nj--+N^ 
where A~ and m are as defined above, and 

-NR^R^ where R^ and R^ are independently hydrogen or unsubstituted or monosubstituted Ci-C4-alkyl, 
wherein the substltuent is amino, mono- or di-C2-C4*alkylamino or •*ti{R^2f^^ A-, where R^ R> and A- are 
as defined above ; 

Het, where Hetfsan unsubstihjtedormono-ordisubstituted &-to-7-membered monocyclic or 7-to>10-menfV 
bered bicyclic heterocyclic ring, wherein the one or two heteroatoms are independently selected from the 
group consisting of N, O, S, NO, SO, SO2 and quatemlzed N, and the substituent(s), when attached to car- 
bon atom(s) in the heterocyclic ring, is/are independently selected from the group consisting of hydroxyl, 
thiol, CrCe-all^, CFa, aryl- Ct-C4-alkoxy, halo, aryi or GrC4-aIkyl, where aryl is as defined above, amino, 
mono-ordi-CrC4-alkylamIno, am!no-Ci-C4-a!kyl, hydroxy-Ct-C4-alkyl, mono-ordi-Ct-C4-alkyl-amlno-Cr 
C4-all^, guanidyl, guanidyl-C|-G4- alkyi, OHO, CO2H, G02-Ct-C4-alkyl, CONHa. 



CrC4-alkyl, hydroxy-Ci-C4-alkyI, carboxy-Ci-C4-aIkyl, carbo-Ci-C4-alkoxy- Ci-C4-alkyl, or -CH2-phenyl, 
wherein R^, R', A**, m and R^ are as defined above, or, when attached to sp^ hybridized heteroatom nitro- 
gen(s) in the heterocyde ring, is/are independently selected from the group consisting of hydrogen ; unsub- 
stituted or mono-substituted Ci-CT-alkyl, where the substltuent is independently selected from the group 
consisting of hydroxyl, amino, mono- or di-Ci-C4-alkyl-amino, -CO2H, 



defined above ; -CO-Ct-C4-alkyl ; -C02-Ci- CralkyI ; -CO-NH-Ci-C7-alkyl ; -SOrCi-Crallcyl ; -CHO ; and 
-CO-aryl, -CO-NH-aryl or -S02-aryl, where aryl Is as defined above ; or, when attached to a quatemlzed 
sp3 hybridized nitrogen in the heterocyclic ring, are independently selected from the group consisting of 
Ci-G7^ikyl and monosubstituted Ci-C4-alkyt, where the substltuent is independently selected from the 
group consisting of hydros^l, -CO2H, -CO2-C1-C4- 




-CONH2 1 -C0-MH-Ci-C4-alkyl , 
-C0N<Ci.C4-alkyl>2» -CO^lQ, 
C02-Cx-C4-alkyl, Ci-Cy-alkoxy, and aryl, as 
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alkyl, -Sd3H. -SO2NH2, Ci-C4-alkoacy , 
di-Ci-C4-alhylamino. -iQ^. and aryl, as 
g defined above; or, are alternatively 

-(CH2)q- or-(CH2)2-0-(CH2)z- and fbnn a quaternary splrocycllc ring with the sp' hybridized N-atom, wherein 
q is 3-to-6 ; or, when attached to a quatemized sp^ hybridized nitrogen in the heteioc^ic ring, are inde- 
pendently selected from the group consisting of C|-C7-ali<yt and mono-substituted CrC4-allcyl, where the 
10 substituent Is independenUy selected from the group consisting of hydroxyl, Ci-C4-alicoxy. -CO2H and -COr 
Ci-C4-alkyl ; 



18 

0 

20 where R^^ is Ci-CralM ; 
hydrogen ; 

Het, as defined above ; 
aryl, as defined above ; 

mono-substituted GrCs-alkyI, wherein the substituent is selected from the group consisting of aryl, as 
25 defined above ; Het, as defined above ; hydroxyl ; CrC4«-alkoxy ; Ca-CVcycloalkyl ; amino ; mono* or di- 

Ct-C4-alkyl-amlno ; Het-Ct-C4-alkyl, wherein Het is as defined above ; aiyl or aryl-CrC4- allcyl, wherein aryl 
Is as defined at>ove ; -CO2H ; 

-C02R^\ where R^^ Is Ci-Cs-alkyt, aryl, as defined above, Het, as defined above, mono-substituted Cr-O^ 
alkyl, wherein the substituent is hydroxyl, CrC4-aIkoxy, CrC6-alkyl-C02-, CrCs-alkyl-CONH-, H-CONH-, 
30 amino, mono- or dialkylamino or halo ; -CONH2 ; -CONH-R^^ or-S(0)n-R^S wherein n Is Q-to-2 and R^^ Is 
as defined above ; -NH-CO-R^^ where R11 is as defined above ; -NH-aryl, -NH-CHa- aryl or-CO-aryl, where 
aryl Is as defined above ; and -NH-Het, -NH-CH2-Het or -CO-Het, where Het Is as defined above ; 
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0 0 

nil 11 li 

where R^^ is as defined at>ove ; or 

0 

II 

0 

where R^' is independently selected fifom the definitions of R^S C«-or-C7- allcyi, or Het, as defined above; 
B and D are independently 



60 0 

I II 
-N-CH-C, 



55 where R^^ is hydrogen, Ci-C^alkyl, or -CHa-aryl, wherein aryl is as defined above ; and R^^ Is as defined 

above; 
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?. 

or -CH2-CH-C, 

where R^o is as defined above ; or either B or D, but not both simultaneously, Is absent ; 

Ri Is hydrogen ; 

CVCe-alkyI ; 
10 aryl, as defined above ; 

unsubstltuted, mono-, dl- or trisubstituted Ca-CrcycloalkyI, where the substituent(s) Is/are 
selected from the group consisting of CrC4-alkyl, trifluoromethyl, hydroxy!, Ci-C4-alkoxy and 
halo ; or unsubstltuted or 4-monosubstituted 1,d-dlthiolan-2-yl or unsubstituted or 4-mono- 
substKuted 1,3-dithfan-2-ylp where the substituent is -(CH2)m-aryl, where m and aryl are as 
15 defined above ; 

R2 is hydrogen. Ci-C7-alkyl, C^Cr-alkenyl, phenyl or CrCs-alkyl-phenyl ; 

X is -CHjr ; -O ; -CH2CH2- ; -CH=CH- ; -CHjNH- : 



where R^^ is hydrogen or Ci-Cr^kyl ; 



25 



-CH29H-, 

^15 



where is C^-Ce aikyi, hydroxyi, Ci-C4alkoxy1, C^-Cq acyloxy, amino, mono-Ci-Ce-alkylamlno, di-CfCe- 
30 alkyfamino, amlno-Ct-C^-aikyl, mono-Ci-Ce-alkylamlno- Ci-Ce-alkyl, C1-C4 alkoxylthlo-CrC4-aIkyl, fluoro, 
cart>oxy, carboxy-Ct-Ce-alkylamldo, aryl or aryl C1-C4 alkoxyl, where aryl is as defined above ; 

Z 
11 

35 

where Z Is 0x0, -OCH2-, Ct-Ce alkyi imino, methylene. Ci-Ce alkylmethylene, ; 

40 OH 

-CH2C- 

45 where Ri« is aminomethyl, mono or di-Ci-Ce-alkyl-aminomethyl, 4-morpholmo, 1-pyrrolidinylmethyl. 1- 

plperidinylmethyi ; 

R3 is hydrogen ; aryl or-CO-aryl, where aryl is as defined above ; -CO-Het, where Het Is as defined 

at>ove ; -CO2H ; -CO-NH-R^^ or -CO-N(R13)-R^^ where R^^ and R^^ are as defined above ; 
or unsubstituted or mono- substituted CrCs-aikyi or -CO-Ci-Ca-all^i, CVCs-alkenyi, C3-C7- 

50 cydoalkyl or Cs-Cr-cycloalkenyl, where the substituent on the Ci-Cg-alkyi, Cg-alkenyl. C3- 

C7-cycloalkyl or Cs-CT-cydoalkenyl is selected from the group consisting of C|-C7-alkyl, 
C3-C7-cyclo-aikyl, hydroxyl. halo, -CHO, -CO2H. -COzR^^ or-CONH-R" or-NHCO-Rii, whe- 
rein R^^ is as defined above. -O-CO-R^^^ wherein R12 is as defined above, amino, mono- or 
di-Ci-C4-alkyiamino, mono- amino-Ci-C4-alkylamino, -NHRu, -N(Ri3)-CO-Ri2or-CON(Ri3)- 

55 R^\ wherein R^^ R^^ and R^^ are as defined above. 
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and aryl, as defined above ; 
R4|s when X is 



-CHO-t -0-, or 



hydrogen ; 

aryl, as defined above ; 
IS Het, as defined above ; 

unsubstlhited or monosubstituted 

Ci-Cs-ailcyt, where the substituent is selected from the group consisting of hydroxy! ; -CO2H ; -COaR^^ or 
-CONH-R^\ wherein R^^ Is as defined above ; -O-COR^^ wherein R^^ Is as defined above : amino ; mono- 
or di.Ci^4-alkylamlno ; -N(R«)- COR« or-CON(R«)-R", where RW, R« and 



r11 are as defined above; -COlT^; aryl, as 
defined above; Het» as defined above; and 

wherein R^. R^ 



and A- are as defined above ; 



0 /\ 



where R^^ and A- are as defined above ; or 



A- 



where R'^ is Ci-C4-alkyl,C6-Ce-cycloaIkyl, carboxy-Ci-C4-a(kyl. cart>o-Ci-C4-alkoxy-Ci-C4-aikyl, or -CH2- 
45 aryl or -CH2-Het, wherein aryl, Het and A- are as defined above ; or 

R* is when I is -CH2-, -CH2CE2-» -CHsCH-, -CH2CH- 

so Z OS R15 

II t 
-CH2C-. or -CH2C- 

55 hydrogen ; Ci-C7-alkyl ; aryl, as defined above ; Het, as defined above ; -CO2H ; -COjR^^ o^•CONH-R^^ 

where R^^ is as defined above ; hydroxyl ; -O-COR^^, where R^^ |s as defined above ; amino ; mono- or 
di-C|-C4-aikylamlno ; 
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and R^^ are as defined above; -COlTjp; 
-'^(r5)2r9 a-, where R^, R? and A" are 
as defined above: -"'t^^ a~: 




where R17 is as deflned above ; substituted Ci-(Valkyl. wherein the substituent Is selected from the group 
consl.sting of hydroxy!, -CO2H. -COjR" or-CONH-R". where Is as defined above, -0-COR«, where 
R12 is as defined above, amino, mono- or dl-Ci-C^-alkylamino, -N(R")-COR«. or 

-C0N(r13).r11, .jhere K^^ . R^^ and R^^ 
are as defined above, ~C0->( 0 , aryl, 
as defined above. Set, as defined 
above, and -*}<((J?)2^'^ A"* or A", 
where R^, r9 and A~ are as defined 

above. 
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as defined above, 





-SH— L ^1I-r17 where R^^ is as 



defined above ; 

and pharmaceutically-acceptabfe salts thereof. 

A peptide of Claim 1 wherein : A Is Rio-CO-, R^-O-CO-, R^i-SOr, R^^^sOa, or R^^-NH-CO-, wherein R^^ 
R11 and are as defined above ; 

B Is absent (when D is present), L-phenylalanyl or derivatives thereof substituted on the aromatic ring, or 
Is 



D Is absent (when B is present), L-histldyl, N-a-methyl-L-histidyi, L*valinyl or L-nor-ieucinyl ; 

Ri is cydohexyl ; 

R2 Is hydrogen or methyl ; 

R^ is n-propyl, 2-methylpropyl, or hydrogen ; 

R^ Is -CHr*N(R5)2R' A- where R^ R» and A- are defined as above, or hydrogen, when X Is -CH2O-, or R* 
is -*N(R«)2R*> A- or -CHr*N(R6)2R8 A-, when X is -CH2CH2-. 

A peptide of Claim 1 wherein the substltuents for a peptide are selected from the following groups : 



-CH2-CH-CO- ; 
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-continued- 
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-continued- 
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Etoc 


Pho 


His 


Etoc 


' Pho 


His 


Etoc 


Pho 


Hit 


Etec 


Pho 


Hit 


Etoc 


Pho 


His 



cyclo-CgHp H 

cydo-CgHp H 

cyelo-CgH,! H 

cyclo-C^H„ H 



CH. 



3 
CH3 



cyc1o.C^H|| 
cyc1o-C^H,| 
cyclo-C^Hp 
cyclo<>C^H,, 
cyclo-C^H^^ 
cyclo-C^Hii 
cyele-C^H^I CH3 

cyclo-C^H^I CH3 

cyclo-CgH,, CH3 

cyclo-CgH^I CH3 

cyclo^gH,! CH3 

cyc1o-€(H|^ CH3 



-CH2C0- -CH2CH2CH3 
-CH2CH(0H)- -CH2CH2CH3 
-CH2CH2CH3 



-CH2CH- 



*CH2CH. 



N(CH3)2 
NH2 



-CH20* 

-OI2O- 

-CHjO- 

-CH32CH2. 

-CH2CO- 

-CH2CH(0H)- 

-CH2CH- 

N(CH3)2 
^CH- 

NCCH3)2 
•XH2NH- 
-CH2CO- 
-CH2CH(0H)-. 
-CH2CO- 



H 

-CH2CH2CH3 
H 

^2^^^3 

^2^"2^"3 
-CH2CH2CH3 

^2CH2CH3 



H 
H 
H 
H 



H 
H 
H 



H 
H 

*CH2m^ 
H 
H 
H 
H 



cyclo-^^H|| CH3 -CH^CHCQH)* 



-CH2*^<^3>2 
-CH2N(CH3)2 
-CH2N(CH3)3* 

OAc- 
-CH2N(CH3)3* 

OAc- 



4. A peptide of Claim 1 which is : 
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A 


B 


D 




r2 


X 


r3 




Etoc 


Pho 


His 


cyclo-C^H,, 


H 


^HjO- 


H 


«*CH2HH2 


Etoc 


Pht 


His 


cyclo-C^Hii 


H 


-CH^O- 


H 


-CO2H 


Etoc 


Phe 


His 


cyc1»-CcH|| 
' oil 


H 


-CH-O- 


H 


-C0NHCH9CH,H(CH,>9 


Etoc 


Pho 


His 


cyclo-C^H,, 


H 


-CH2O- 


H 


-CH2WIC0-<^HCH3 
















♦ 'Ofic 


Etoc 


Phe 


His 


cyclo-CgH„ 


H 


-CHjjO- 


H 


-CONH-^^CHj 


















Etoc 


Pho 


His 


cyclo-C^Hi^ 






H 


•^H2HH2 


Etoc 


Pho 


His 


cyc1o-CcH|| 




-DUO 


H 


-COpH 

•> 


Etoc 


Pho 


His 


cyc1o«C<H«i 
oil 




-QUO 


H 


-CONKOUCH-NCCH^I, 


Etoc 


Pho 


His 


cyclo-CgHji 


H 


-CH^O- 


H 


<^ 

-CH2NHC0-I^^CH3 


















Etoc 


Phe 


His 


cyclo-C^Hii 


H 


-CH2O- 


H 


-COWi-t^NCHj 


















etoc 


Phe 


Nle 


cyclo-CgHp 


H 


-CHjO- 


H 


H 


Etoc 


Phe 


Hie 


cyclo-C^Hi^ 


H 


-CH2O- 


H 


"•OI2HH2 


Etoc 


Phe 


Nle 


cyclo-CgH,, 


H 




H 


-CO2H 


Etoc 


Phe 


Nle 


cyclo-CgH^^ 


H 




H 


-C0NHCH2CH2N(CH3)2 


Etoc 


Phe 


Nle 


cyclo^^H,^ 


H 


-CH^O- 


H 


-CHjNHCO-^^^NCHj 



51 



EP0 438 311 A2 



-continued- 



etoc 




NIC 


cye1o-C^H|, 


H 




H 


Etoc 


Fho 


Nie 


cyc1o-C^H|^ 


CH3 


-CH^O- 


H 


Etoc 


Phe 


Nie 


cyclo^^H,, 




-CHgO- 


H 


etoc 




Nit 


cyclo-CgH,, 


CH3 


-CHgO- 


H 


Etoc 


Pht 


Nit 


cyclo-C^H^, 




-CH2O- 


H 


Etoc 


Pho 


Nit 


cyclo-C^Hi, 


CH3 


-CH2O. 


H 


Etoc 


Pho 


His 


cyclo-C^H,, 


H 


-CHjO- 


-CH2CH2CH3 


Etoc 


Pho 


HU 


cycle-C^Hi^ 


H 


-CH2O- 


^H2CH2CH3 


Etoc 


Pht 


HU 


cyclo-C^Ni, 


H 




^H2CH2CH3 


Etoc 


Phe 


HI ft 


cyc1o-C^N|| 


H 


-CH2O- 


-CH2CH2CK3 


Etoc 


Phe 


Him 




H 


«CH20. 




Etoc 


Phe 


Hit 


cyelo-CgH,, 


H 


-CH^O- 


.CH2CH2CM3 


Etoc 


Pht 


Hit 




H 




-CH2CH2CH3 


Etoc 


Phe 


His 


«yclo-C^H|, 


H 




-CH2CH2CH3 



^0 



NCH3 



^H2NH2 
-CO2H 



-C0NHCH2CH2M(CH3)2 



4^ ^Mc 



'CH2NH2 



-CO2H 

C0NHCH2CH2N(CH3)2 



CH2NHCO-^3^ 



4 -^^tf- 



-CONH< 



•'CH2MH2 
-COjH 

-C0NHC>^CH2N(CH3)2 
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114 



Etec Fh» His cycle-C^H|, H.CH20- ^^^^3 



Eioc Phc HU cyclo-C^K,, H -CH^O- -CH2CH2CH3 

f5 



20 

B. A peptide of Claim 1 wherein tiie substituents for a peptide are selected from the following groups : 



25 



30 



35 



40 



45 



SO 
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10 



IS 



20 



30 



45 



SO 



NC^^^CH- Phe His cyc1o.CgH|^ H -CH2O- -CH2CH2CH3 H 



Ph« His cyclo-CgH|| H -0120- -CH2CH2CH3 H 



H'^^^OKO- Phe His cyclo-CgHi^ H -CHjO- -CH2CH2CH3 H 
♦ »[ cyclo-CjH^ H -CHjO- -CN2CH2CH3 H 



25 CM. 

-on* ' 



35 CH3 



40 



N^^CH. Phe HU cyc1o^^H|| H -CH20- -CH2CH2CH3 H 
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-continued- 



A B 0 r2 X 



CHCO- Ph» N1« cyclo-CgHi^ H -CH^O- -CH2CH2CH3 



♦ ^V^CHCO- Ph» HU cyclo-CgH^^ H -CH2O- -CH2CH2CH3 H 
CH3 

"-^ ~ Plw His cycto-CgH,! H CH2CH2 -CH2CM2CH3 H 



»j\^^^CH- Phe His tyOoJC^ttfy H CH2CH2 -CN2CH2CH3 N 



«3 



N^^J^CHCO* Phc His cyclo-^CgH,, H CH2CK2 -CH2CH2CH3 H 

♦ ijC^^^CHCO- Pht HU cyc1o-CgH|, H CHjCHj -CHjCHjCH, H 
0*3 



(pi 

N^^CH. Pht N1« cyc1»-CgH|, H CHjCHj -CHjCH^CHj H 
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10 



15 



20 



25 



30 



♦ N^^^CH- Ph» Nit cyc1o-CgH|^ H CH2CH2 -CH2CH2CH3 H 
N^^^HCO- Fhe me cyclo-C^Hn H CH2CH2 -CH2CH2CH3 H 



I 

CI 



Pht Nit cyc1o-C^H|| H CH2CH2 -CH2CH2CH3 H 



CH3 



A 



:H- Phe His cyclo-CgH,! H CH2CH -CH2CH2CH3 H 

OH 



♦ •{v^CH- Phe His cyc1o^gK|| H CHgCH -CH2CH2CH3 H 

CH3 OH 
35 '-Cfic 



"v^^CHCO- Ph« His cyc1o<<(Hf, H CHjCH -CH2CH2CH3 H 
40 OH 

* "[v^^*^®- cyelo-CjH„ H CHjCH -CH2CH2GH3 H 

CH3 ^ 

- omc 



BO 



85 
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-centlmitd- 



A B 0 R' 



Cyclo-C^Hii H CHjCH -CH2CII2CH3 H 



OH 



CH3 

^ one 



Pha Nit eyclQ-CgH|, H CHjCH -CH2CH2CM3 



♦ H-^^CHCO- Phi Nit cyclo-C^H,^ 
-OH* 



OH 



H CH^Of 
OH 



H CH^CH 
OH 



.CH2CH2CH3 



-CH2CH2CH3 



6. A peptide of Claim 1 which is : 

BoO"Phe-Hls-(ACHP)-5(S)-allyl-7-oxa-9(S)-lndollzidin-3-one-2{S)-yl ; 
Boc-Phe-His-(ACHP)-5(SH2-methallyl)-7-oxa-9(S)-lndoIizidln-3-one-2(S)-yl ; 
Boo-Phe.His-(ACHP)-5(SH2-inethylpropyi)-7-oxa-9(S)-lndo!l2ldln-3-one-2{S)-yI ; 
Boc-Ph©-His-(ACHP)-5(SKydopentyl-7K)xa-9(S)-indollz!din-3H)ne-2(S)-yl ; 
BcK>Phe-His-(ACHP)-5(S).propyl-7-oxa-9(S)-lndoIlzldin-3-one-2(S)-yl ; or 
Boo.Phe-His.(ACHP)-6(S)-methyl-9(S)-indolizldin-3-one-2(S)-yl. 



7. A pharmaceutical composition for renin-associated hypertension or congestive heart failure comprising a 
pharmaceutical carrier and a therapeuticaily-effective amount of a peptide according to Claim 1. 

8. The use of a peptide according to Claim 1 for the manufacture of a medicament suitable for treating renirK 
associated hypertension or congestive heart failure in mammals. 

9. The use of the renin Inhibitor of Claim 1 for the manufacture of a medicament for treating AIDS. 

10. The use of the renin inhibitor of Claim 1 for the manufacture of a medicament for treating infection by HIV. 
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and analogs thereof, which inhibit renin and are 
useful for treating various forms of ren in- 
associated hypertension, hyperaldosteronism 
and congestive heart failure ; compositions 
containing these renin-inhlbitory peptides, 
optionally with other antihypertensive agents ; 
and methods of treating hypertension, hyperal- 
dosteronism or congestive heart failure or of 
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In addition, these renin Inhibitors are useful in 
the inhibition of IHIV protease, the prevention or 
treatment of infection by HiV and the treatment 
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cally acceptable salts, pharmaceutical compo- 
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